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1. INTRODUCTION 
 
 
What is a man without energy? Nothing − nothing at all. 
        Mark Twain 
 
Energy is power. Modern societies are very dependent on energy production and therefore those 
who have access to modern energy services have also better access to political, economic and 
social discours. This can be seen particularly in developing countries where the distribution of 
energy services is very uneven. Energy shortage takes a huge amount of a person’s physical and 
economical efforts to supply enough energy, dominating everyday life. How much energy there is 
to consume affects many things like dietary pattern, how well you can communicate with the 
world outside,  health and our awareness of the world around us. It even contributes to how well 
a person can employ him or herself and defines the social status along with the source used and at 
the same time energy production also has a great influence on the local as well as the global 
environment. When the importance of the energy supply has begun to be understood, attention 
has also being paid to how access to different energy sources and the possibility to use different 
energy services is linked to development. Due to this fact energy issues have also played an 
important role in many international development programs like the Millennium Development 
Goals by United Nations (UNDP 2009: iii; World Bank 2009: 5). 
Sub-Saharan Africa has the least electricity in the world. There is still a rural population of 438 
million people and an urban population of 109 million without electricity while the total 
electricity rate of the area is 26%. In these areas the main energy sources are biofuels, mainly 
firewood (Schwartz & Glemarec 2009: 58). The use of firewood can lead to land degradation and 
erosion and increases the vulnerability. This study concentrates on households’ energy use in 
South-Eastern Kenya, in the Taita Hills’s (Figure 1) rural area in two case study areas, Ngangao 
and Chawia. The remaining indigenous forests of the Taita Hills upland region are highly 
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fragmented and affected by human activity being at the same time home for many endangered 
species. While biofuels are the main energy source of households, they hinder and create pressure 
on the conservation and development of the area. The dependence on a scarce energy resource as, 
well as the health effects of fuelwood use has a great impact on the everyday life of the local 
inhabitants and thus causing vulnerability. In this study connections between the households’ 
energy habits and vulnerability are focused on the impacts to nature, social capability and health. 
 
 
The structure of this research is as follows: in chapter two the key concept vulnerability as well as 
Kenya’s energy pattern and energy-, land- and forest policy are studied. Impacts of the use of 
biofuel to nature, social coping and health are also examined and the question why the gender 
aspect should be taken account and why women were interviewed in the household survey is 
discussed. In chapter three, physical and human geographical features of the study area are 
Figure 1. The Taita Hills rise from the plains of Tsavo East. In the rain season nature is still green in 
the low land (Zschauer 2010). 
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introduced and the two case study areas are also outlined. In chapter four, the methods used, data 
collection process and the data analysis methodologies are explained. In chapter five the results 
are presented by following the same structure as was used in the household survey forms. In 
chapter six conclusions are drawn and results are summed up by the help of a SWOT –analysis. 
 
1.1 Aim of the study and research questions 
 
The main aim of this research is to study households’ energy consumption and habits in the Taita 
Hills of South-East Kenya, focusing on fuelwood use as the main energy source and to the 
challenges that fuelwood use brings.  
The main research question is the following: 
What is the role of fuelwood use in the local’s household energy consumption pattern in the Taita 
Hills, South-East Kenya and how does it create vulnerability? 
This is specified more closely with the following sub-questions: 
• How does the use of firewood impact on the environment? 
• How does the use of firewood influence time management and a person’s empowerment 
opportunities? 
• What are the health consequences from the use of the firewood? 
The study is based on the following hypothesis: Increased population pressure and intensive land 
use have made fuelwood procurement more demanding, thus more efforts is required which in 
turn causes increased environmental impacts. 
This study is a qualitative research and can also be seen to represent a feminist epistemological 
approach, as local women are considered to possess the main knowledge about the energy 
practices and its impacts. These women represent the grass root level actors, through whom the 
issues are approached.  
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2. THEORETICAL AND EMPIRICAL FRAMEWORK OF THE STUDY 
 
2.1 Vulnerability 
 
The theoretical framework is based on the concept of vulnerability and how it comes apparent in 
the context of household’s energy consumption. The term vulnerability is a multilateral concept 
that is also used in different contexts and may not be easily defined. Oxford Dictionaries 
determine the vulnerability as “exposed to the possibility of being attacked or harmed, either 
physically or emotionally” (Oxford Dictionaries 2011). However, the concept of vulnerability can 
also concern a whole society of a group instead of an individual. Vulnerability is highly 
connected to the coping, resist or recover capacity of an individual or a group. The more 
vulnerable they are the more difficult it is to overcome a hazard or environmental changes (IFRC 
2011). 
The vulnerability concept is commonly used in human-environment system- and sustainability 
studies. Lately it has been widely applied in climate change context with the concept of 
adaptation (Haque & Burton 2005; Paavola 2008; Turner et al. 2003). Although vulnerability has 
been used within the context of hazard and risk research for some time there is no general theory 
or model of vulnerability. The concept has been defined and used in accordance with the methods 
and ontologies of the respective research field (Hufschmidt 2011). 
Vulnerability indicates an individual’s or system’s ability to deal with stress factors (Turner et al. 
2003). It can be narrowly understood to be a direct consequence of exposure to a particular 
stressor or it can be viewed in a broader context process that includes interaction between 
different structures. Regardless of whether vulnerability is examined as a linear process or tied to 
a broader context, it consists of several elements (Figure 2). 
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Figure 2. The concept of vulnerability consists of several elements: stress factors, effects and sensibility 
that are all interconnected to each others. 
These elements are:  
1  stress factors (or risks), 
2  the effects brought by these factors and 
3  the sensitivity of how individuals or systems can respond or adapt to these changes (O’Brien et  
al. 2007; Turner et al. 2003). 
 
Vulnerability is therefore highly determined by local factors, which, together with local strengths 
are key elements, when trying to lessen vulnerability.  
 
 
 
In this research I use the vulnerability concept focusing on the individual level and their choices 
and the impacts of these choices by examining closer the vulnerability generated by the use of 
fuelwood. The use of fuelwood can be seen to include three vulnerability elements: it creates 
stress factors like land degradation or smoke, it affects for example the environment and health 
and it increases an individual’s sensitivity when they are dependent on scarce energy sources. We 
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can also see that the use of fuelwood creates “a vulnerability circle” that feeds on itself: 
unsustainable use predisposes land to erosion, which in its turns hinders the growth of vegetation 
complicating the acquisition of fuelwood and increasing people’s sensitivity.   
This research focuses on the environmental, social and health impacts from the use of energy 
wood in two different locations, around Ngangao forest and in Bura, in the Taita Hills, Kenya 
(see Figure 13). These impacts are factors that increase the vulnerability and weaken the coping 
capacity. Identification of these can help future planning and capacity building not only in the 
Taita Hills, but also in other upland areas in East Africa. 
 
2.2 Kenya 
 
Kenya lies in East Africa across the equator, bordered by five countries, Ethiopia, Sudan, 
Uganda, Tanzania, Somalia and by the Indian Ocean in the east. The total land area of the Kenya 
is 580,367 km² and it rises from low coastal plains to highlands, which formulates one of the 
most fertile agricultural production regions in Africa. Intensive agriculture is practiced in the Rift 
Valley area, which runs through the country from South-West to North-East. Main agriculture 
products are tea, coffee, corn, wheat, vegetables and dairy and meat products. The industrial 
sector is mainly based on small-scale consumer goods, like plastic, furniture and textiles. From 
large-scale industry the horticulture, oil refining, steel-, cement- and aluminum production and 
tourism can be mentioned.  
 
The total population of the country is about 40 million people and the annual population growth 
was around 2.5% in 2011. The majority, 78% of the population, are living in rural areas and the 
urbanization level is 22%. Agriculture is the major employer, providing employment to 75% of 
the labor force, but bringing only 22% of the annual GDP. Fifty percent of the population is 
living under the poverty line and the unemployment rate is around 40%. Public debt is around 
50% of the GDP (Worlds fact book).  
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2.2.1 Kenya’s energy pattern 
 
In 2002 over 646 million people in Sub-Saharan Africa (SSA) got their energy from biomass 
(World Bank 2009), while over 94% of the rural population was using wood as the primary 
energy source. Africa produces more than one-quarter of fuelwood used globally (FAO 2009: 6) 
This high reliance on fuelwood generates also greenhouse gases as well as other airborne 
emissions. In year 2000, residential energy use produced 79 million tons of carbon in SSA, from 
where the wood accounted for 61%, charcoal for 35%, kerosene for 3% and liquefied petroleum 
gas for 1%. According to Bailis et al. (2005) emissions and cumulative emissions are estimated to 
be 6.7 billion tons of carbon by 2050. SSA has also the lowest electricity rate worldwide. In 2008 
it was 28.5%, which means that as many as 587 million people were without access to electricity 
(World Bank 2010: 8). United Nations’ Food and Agriculture Organization FAO has estimated 
that in the coming decades the total fuelwood consumption in Eastern Africa will continue to 
grow. This is promoted also by the population growth and the rising fuel prices (FAO 2009: 8). 
When both energy and food production are practiced in the same area the risk for land 
degradation will also increase. East Africa can be considered to be suffering chronic power 
poverty while many people are forced to use lot of time and effort to meet their daily energy 
needs. 
 
In the beginning of this millennium, energy consumption in Kenya was estimated to be 
approximately 14 690 tons of oil annually, from where the residential sector used almost 70%. 
Population growth and societal transformation have increased the demand for energy and the total 
consumption trend has been steadily growing in the last decades, though the consumption rate per 
capita has declined (World Resources Institute 2006). In the year 2007, the primary energy 
production of Kenya was 394 million tons oil equivalent, while the consumption was 100 kg of 
oil equivalents per capita (UNdata 2011). 
 
In many developing countries, fuelwood is the principal household energy source. In Kenya, it 
meets over 70% of the country’s total energy consumption needs and provides 90% of rural 
household’s energy requirements. In the year 2000, demand for biomass fuels in Kenya was 
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35 million tones, of which only 15 million tons were sustainably supplied. In the same year the 
Government of Kenya estimated the country’s overall per capita wood energy consumption to be 
at 627 kg for rural households and 877 kg for urban households, while the annual consumption of 
charcoal was estimated to be at 2.4 million tons (UNEP 2006: 41, 51–54). Charcoal use is higher 
in cities than in rural areas, being the primary cooking fuel in about 1 million urban households, 
which is around half of the urban dwellers (Kantai 2002, cit. Bailis et al. 2003).   
 
While wood is generally self-collected, charcoal is mainly commercially produced, although the 
production is often illegal due its great environment impacts. This is also why it is often carried 
out by individuals with low or no education rather than by organized groups (Muchiri 2008; 
Kituyi 2004). In Kenya, the annual charcoal production has estimated to be about 1.6 million tons 
where an individual household consumes annually between 350-600 kg. It has been estimated 
that 2 million people depend on this industry directly or indirectly and it is a significant economic 
factor contributing approximately 400 million USD to the country’s economy annually (Bizarri 
2010: 20). 
 
The use of different energy sources has a tendency to change according to household incomes 
and wealth. Wood is used more in the countryside and in low income families and it has a 
reputation as a poor people’s energy source, while wealthier families use charcoal or other energy 
sources (Kituyi et al. 2001). According to Kituyi et al. (2001) transformation of the used energy 
source is following: 
 
Dung → Crop residues → Firewood → Charcoal → Kerosene → Gas → Electricity  
 
This means that also the efficiency of the energy source increases while the incomes grow.  
Beside wood products, there are two other main energy sources in the Kenya that are used to 
meet the demand. These are petroleum, which provides about 20% of energy being the most 
important source of commercial energy, and electricity, which accounts for 9% energy used 
respectively. Petroleum is entirely imported and takes a large share of Kenya’s foreign exchange 
earnings. According to the Ministry of Energy 2004 report, in 2002 this rate was 31% which 
meant 2.4 million metric tons totally and 76.2 kg per capita. Beside commercial used petroleum, 
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oil products are consumed in the form of kerosene which is the common light and cooking fuel in 
private families. Electricity is mainly generated in order of magnitude by hydro, geothermal and 
thermal power (UNEP 2006: 11–12). However, access to the electricity network is only for the 
few people. About 18% of the population has the opportunity to use electricity, though in rural 
area the rate is only 4% of the population (Briceño-Garmendia & Shkaratan 2010: 16).  
Many projects have aimed to increase the electricity rate, but in Sub-Saharan Africa the 
development has been slow, especially in rural areas, where the growth has been only a few 
percentages (Barnes & Floor 1996). Generally energy in Kenya is expensive preventing 
economic activity and foreign direct investments. This is partly due to the reliance on imported 
energy. One problem is also the unreliability of supply as well as inefficient use of energy. It has 
been estimated that Kenyan companies can lose as much as 9.5% of the annual production 
because of power cuts and fluctuations (UNEP 2006: 5, 12). Kenya’s own electricity generation 
is also highly dependent on natural conditions and for example a drought can have severe effects 
on the energy supply (World Bank 2009). While the droughts in Eastern Africa have been 
predicted to become more frequent as a result of the climate change, the production of electricity 
can also become more difficult with the current methods. 
Kenya’s energy policy has been criticized  for being badly planned and directed and that is has 
focused only on electricity and petroleum sub-sectors ignoring for example biomass and other 
energy sources (UNEP 2006: 12). To improve this situation many reforms have been made in 
recent years in the energy strategy of the country.  
 
2.2.2 Kenya’s forests 
 
Kenya’s woody vegetation consists of forests, woodlands, bush land and wooded grasslands. The 
forest cover of Kenya is about 6.8 million hectares, which is 2% of the total land area (Wass 
1995: 8). Of this, indigenous forests cover a total area of 1.2 million hectares. Indigenous forests 
can be divided into four different types which are the Coastal forests, the Dry forests the Montane 
forests and the Western rainforests. These forests are situated in high potential and medium 
potential land, which are also highly populated and under intensive agricultural use (Kenya 
Forest Service 2011a). 
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Forests play a significant role in Kenya. They provide environmental goods and services like 
commercial timber and non-timber products, food and medical plants and habitats to a diverse 
flora and fauna. They also protect water catchments, act as a carbon sink and are used as a 
notable source of fuelwood. They bring employment through tourism and management and are 
valued for cultural and religious purposes (KEFRI 2010). It has been estimated that forest 
products and services contribute annually 7.0 billion Kenyan shillings to the country and employ 
directly 50,000 people and indirectly 30,000 people in sub-sectors (Emerton & Karanja 2011, cit. 
Ngangao Forest… 2008: 15). Forests have also an important role for agriculture as nutrition 
catchers, erosion protectors and rain regulators (Maeda 2011). 
Despite its importance, the forest cover area has decreased rapidly in the last decades. Estimation 
of annual decrease is around 12,000 ha, which makes annual deforestation rate as 0.3 percent 
(Green Africa Foundation 2011). This decline is caused by population growth, over logging and 
-harvesting as well as agricultural expansion. There have been attempts to prevent the forest lost 
by for example prohibiting tree harvesting in the state forests. This has led to more intensive use 
of farmland wood stocks, as industrial- and energy wood is sourced from farms. Now, the new 
policy is trying to encourages farmers to develop farm forestry to increase the tree cover. 
However, since the indigenous forests have not been thoroughly surveyed and inventoried to 
determine their species, the losses caused by the deforestation cannot be exactly determined. 
Under particular high pressure are the woodland areas in dry lands. These woodland areas, which 
are the main resource of charcoal production, provide 80% of rural fuelwood. These areas also 
have the highest poverty level in Kenya thus one of the main reasons for overuse of the resources 
(KEFRI 2010).  
 
Also the volume of illegal actions has grown. A study from the year 2007 estimates that a weak 
forest policy, governance, corruption, ignorance and lack of a participation of important 
stakeholders have led to 50% increase in illegal charcoal business, 15% increase in illegal 
harvesting and to other crimes like poaching and setting alight forest fires in last couple decades. 
Despite of their small coverage, forests constitute the most important energy storage of Kenya. It 
has been estimated that 70% of Kenyans use fuelwood i.e. firewood or charcoal for domestic use. 
In the beginning of the millennium circa 12,9 tons of firewood and 2,4 million tons of charcoal 
was used annually, which are worth of 64 billion shillings. These figures do not include the 
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commercial use of fuelwood. Together with the timber, the energy wood has a significant role in 
the country’s economy and development (Kenya Forest Service 2007). 
 
2.3 Energy-, land- and forest policy  
 
2.3.1 Energy Policy 
 
Kenya’s functions and the key operators in the energy sector are regulated by the Energy Act 
2006, which replaced the former Electric Power Act of 1997 and The Petroleum Act, Cap 116 in 
2006. This Act covers matters that are related to energy like generation, -transmission, 
-distribution, -supply and -use. It also provides the legal frameworks for establishing and building 
up energy services. The new Act also pays attention to the environmental and conservational 
perspectives and for example, the generation and transmitting of electrical power needs to be 
approved by the National Environment Management Authority NEMA (REA 2009: 17–18).  
 
As an energy sector regulator, the Energy Regulatory Commission (ERC) was established in 
2007 under the Energy Act 2006. ERC is a single sector regulatory agency and it has mandate to 
regulate all functions and operators in the Energy sector. ERC is also the authority that 
formulates, enforces and reviews environmental, health, safety and quality standards for the 
energy sector (ERC 2009). 
 
Because the electricity supply in Kenya is unevenly distributed and most of the electric grids are 
located in urban areas, special attention is now focused on rural electrification. With the 
accordance of the Act 2006, the Rural Electrification Authority was established to promote and 
guide the electrification of rural areas. This development is managed by the Rural Electrification 
Program (Government of Kenya 2006: 75–76) and the Foreign Ministry of Finland has also 
allocated 8 million Euros to the project in the year 2005 (Ulkoasiainministeriö 2006). In addition 
to the network expansion, the Energy Act 2006 promotes the use of renewable energy sources 
that includes also biomass. As a solution to the fuelwood shortage it recommends fast maturing 
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trees and the establishment of woodlots including peri-urban plantations. It also emphasizes the 
role of local capacity building in the maintenance and operation of basic renewable technologies 
like bio-digester, solar system and hydro turbines and underline the importance of energy 
efficiency (Government of Kenya 2006: 76, 101–103). 
Energy questions in Kenya are and have been greatly tied also to the land and forest policy.  
While wood forms the basis of the household energy pattern, the land rights and rights to utilize 
natural resources have also directed the energy supply. These are discussed more specifically in 
Land and Forest Laws. 
 
2.3.2 Land policy in pre-colonial and post-colonial time 
 
Pre-colonial time 
 
Before the colonial time, land was administered exercising customary land tenure systems by 
different tribes. These were mostly so called “communal tenure” systems in where the land 
belonged to no one individual but to the community as a whole. The right of use of the forest was 
ensured by the political authority in a given community (Wanjala 2000: 26). Forest utilization 
was governed by the ethnic communities’ management and conservation practices of which some 
are still in use. For example, on the coastal region, old sacred forests called Kaya were only open 
for cultural rites. These forests are now gazetted and managed under the Antiques and Monument 
Act (Kenya Forest Service 2007). Also in the Taita Hills many of the old ritual places called 
Fighis were situated in the forest. Some of them have been preserved until today due to their 
cultural value and are still in use by some people (Himberg et al. 2009). 
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Colonial Time 
 
In the colonial time forest and the forest laws were subordinated to contributing to foreign 
government needs. Kenya as a region that we know it today was established in 1886 under the 
Anglo-German agreement. In this both Britain and Germany recognized the dominion of the 
Coastal Strip of East Africa of the Sultan of Zanzibar. In 1887 the governance of this Strip was 
handed over to the British East Africa Company (later the Imperial British East Africa Company, 
I.B.E.A.C) on a concession for fifty years by the Sultan.  In 1895 I.B.E.A.C became bankrupt and 
the region was taken over by the British Crown and the protectorate area known as British East 
Africa was formed. In the year 1890, the English Foreign Jurisdiction Act determined a 
protectorate area as a sovereign state. In turn Kenya was also perceived as a colony where the 
Crown’s power was unlimited and the land belonged to the Crown. 
 
The government used the extended Indian Land Acquisition Act already in 1894 to acquire land 
for railways and for a ten mile zone (about 16 kilometers) on each side of it for public buildings. 
Around 1897 the East Africa Land Regulations was launched. This regulation gave the 
Commissioner the right to sell Crown land to settlers. In the rest of the Protectorate he was able 
to offer certificates of occupancy valid for 21 years, later extended to 99 years. In 1899 the 
Crown gave a statement where it defined native people and tribes as savages without a legislative 
system and that their land could be declared to Crown’s property. 
 
The beginning of the new century brought more limitations to native’s rights. In 1902 the Crowns 
Land Ordinance allowed the Commissioner to sell land for estates, African population rights in 
the Crown land were limited to occupancy only and when the land was no longer occupied by 
Africans it could be sold without the consent of  tribal chiefs. The total loss of land rights of the 
indigenous population was finalized in the Crown Land Ordinance in 1915, in the Kenya 
Annexation Order-in-Council and in the Kenya Colony Order-in-Council 1921 that left land to 
the Crown and left natives as tenants.  
 
Because of the dissatisfaction of the title to the land and for political security and hegemony, 
colonial authorities acquired dual policy that was introduced in 1926. In this policy, separately 
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reserved areas were established for Europeans and Africans. European’s area was known as “the 
White Highland”. The Taita Hills was also projected to be part of it and African’s as “Native 
Reserves”. The 1930’s Native Land Trust Ordinance describle the native reserves as “native 
reserves will set aside for natives and additional land can be added to existing reserves 
depending on native requirements. Governor can sell 33 years leases to Europeans within native 
reserves and is also grant to set aside land for public purposes”. In 1938 this Ordinance was 
repealed by a new version that gave the Governor permission to give a permit to any individual or 
tribe to occupy part of the native land. It also stipulated that if over 10 acres of land was to be set 
aside for public purposes, compensation for huts, houses and crops must be paid, although this 
was in practice minimal. The rights of the white highland and its boundaries were also reinforced 
by legislations of the year 1930, 1938 and 1939 (Mweseli 2000: 4–14). 
 
The reservation policy was also one reason for environmental degradation i.e. fragmentation and 
land erosion. By the 1940s native reserves were overcrowded and too intensive cultivation and 
overstocking were causing soil erosion. The new policy also led to massive number of landless 
people and the situation was particularly hard within Central and Western Kenya upland areas 
where the “White Highland” was established. The situation was attempted to be solved by 
campaigning to encourage soil conservation and better farming methods and also some 
resettlements were executed. Modernising of agriculture included also allowing cash-crop 
production in the native areas and land tenure reform. These were part of the so called 
Swynnerton plan in the year 1955 which contained inter alia individualization of title and 
creation of private property rights in tribal land. However, motives for this plan were more 
political than environmental and its purpose was to create a native middle class that would help to 
oppose the independence revolutionists like the Mau Mau movement (Mweseli 2000: 15–17). By 
independence in 1963, these reforms were solidly built in to the laws and they formed a 
framework that also the new government followed (Wanjala 2000: 29–31). 
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Post-colonial time 
 
After independence, the landless problem was approached by “Squatter Settlement Schemes” in 
where the landless were settled on abandoned or mismanaged European farms. In this program a 
family could get a small holding of 10 acres. In 1970 the so called “shirika” scheme was 
launched in where plots for squatters were allocated in specific areas and managed by a farm 
manager. In these programs, land was bought from the Settlement Fund Trust so the people who 
achieved land from these were business men and middle class farmers (Wanjala 2000: 32–33). 
Since colonial time the landownership in Kenya has been unevenly distributed and in the hands 
of the few.  In the independence negotiations, the British ensured that the rights of European 
settlers remaining in Kenya were safeguarded (Wanjala 2000: 31) and the foreign ownership is 
still high even today. This scattered ownership has also been affected by the country’s former 
policy which favored the political elite and corruption. The new constitution that was voted in 
2010 aims for its part also to even the land ownerships.  
 
2.3.3 Focusing on forests 
  
In 1957 the Kenyan government established the first forest policy. This policy increased 
restrictions to the people’s privileges to enter the forests and in the rights of local communities’ 
independently managing their forests. Regardless of these restrictions, the incidents of 
uncontrolled loggings increased, and to control this, a Presidential Ban on felling indigenous trees 
was introduced in 1986. In 1999, this ban was followed by another Presidential Ban, which 
partially outlawed logging in state forest plantations. Despite these regulations, illegal loggings 
continued and illegal timber and charcoal trade increased. Kenya’s rapid population growth has 
led to a growing need of energy. Beside this, the situation was made worse by the high 
dependence of fuelwood and an over reliance on gazette forests as the primary source of the 
wood. Also the weak structural and institutional capacity of forest law enforcement and 
governance as well as corruption has contributed to forest degradation. Communities living next 
to the forest borders felt that they should have rights to utilize the forest goods and services but 
they had no rights to manage their own environment. This lead for its part to uncontrolled and 
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illegal loggings, but also to some other unsustainable actions, which the ignorance and the lack of 
awareness have further accelerated (Kenya Forest Service 2007: 11–20).  
 
In 1991, the insufficiency of the old system lead to the Kenya Forest Master Plan project and a 
new framework for a 25 years period’s development plan was released in 1994 (Kenya Forest 
Service 2011b). A new Forest Act 2005 was ratified in November 2005 and it based on the Forest 
Master Plan 1994. This Act aimed at better forest management, planning and promotion of tree 
growing and an increase in the role and responsibility of local communities and stakeholders. 
This new Forest Act came into effect on February 2007. The new legislation’s goal is to retain 
sustainable forest use and simultaneously to give the local communities an opportunity to utilize 
the resources in a controlled manner as well as take part in the forest management (Kenya Forest 
Service 2007: 11–20). This means that under controlled conditions, the locals should be able, for 
example, to harvest, fuelwood, timber, honey and to collect medical herbs without causing any 
harm to the environment. 
 
“None of the activities specified in this subsection shall be carried out so as 
to conflict with the conservation of biodiversity; and  such other information as the Director may 
require”        
Kenya Forest Act (Government of 
Kenya 2005a) 
 
 
Utilizing of the forest requires a forest management plan. To perform these activities members of 
the forest community have to register themselves as an association under the Societies Act. After 
that they can apply for permission to participate in the management and conservation. The new 
Act also stipulates that beside indigenous forests, also woodland should be managed on a 
sustainable basis and purposes (Government of Kenya 2005a). Alongside this new law there are 
several other statutes that apply to the forestry and regulate the utilization. The most important of 
these are the Draft Land/Land use policy, Environmental Management and Coordination Act 
(EMCA) 1999, The Water Act 1999 and the Wildlife Act and the Agriculture Policy (Kenya 
Forest Service 2007: 20–21). 
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As can be seen, many different practices as well as various forest legislation have been mixed up 
the last decade while at the same time the focus has mainly been on banning and restricting the 
action of locals. This has for its part led to alienation from the forest. When the complex land 
ownership laws and inheritance practices are added to these it has not encouraged people to 
participate in forest management. This can also be seen in people’s current attitudes and in the 
different beliefs of authorities and the local actors. 
 
2.4 Biofules and environment 
 
In optimal conditions, where the biomass would be harvested and use sustainable, it would 
provide a good fuel option with minimal emissions. However, non-sustainable use of firewood, 
such as the current practice, and charcoal causes deforestation, promotes erosion and produce 
greenhouse gases (Bailis et al. 2003; Parliamentary Office… 2002). According to NEMA 
(National Environment Management Authority Kenya) Kenya could sustainably supply 16 
million tonnes biomass annually, while the current demand is much higher, 40,5 million tonnes 
per year. This puts a strain on Kenya’s forests, which cover about 2% of land area, but produce 
round 45% of biomass energy resources (Muchiri 2008). In some cases, lack of energy wood has 
also led to residues burning, which causes toxic smoke and particles and increase health risks 
(Muchiri 2008; Lambrou & Piana 2006; Ligunya 1986). 
The main fuelwood products, firewood and charcoal, are both used in households and communal 
institutions, like schools, hospitals and prisons as well as in private companies, like restaurants 
and hotels. Principally they are consumed by cooking, though in higher altitudes they are also 
used for heating in colder seasons (Kituyi et. al 2001).  
 
2.4.1 Firewood 
 
Firewood remains the principal source of energy for many Kenyans, especially in rural area. It is 
traditionally collected from the surrounding environment (Figure 3) or from one owns farm, 
where it has been mainly a free energy source (Silkei et al. 2009). While the forest covers only 
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few percents of the country’s land area and access to it is limited by ownership and nature 
protection, bush- and grasslands are also highly used for fuel reserves because of easier access to 
them. In addition to these the firewood need is also met by agroforestry and by planting trees on 
farmlands and yards (Muchiri 2008).  
Wood species used for firewood, varies in different parts of the country. In cool and moist high-
land areas exotic species like Eucalyptus and Cypresses are commonly used, while in warmer 
arid and semi-arid areas Acacia species are favoured (Kituyi et al. 2001). Declining of wood 
areas and increased population density has enforced people to cover their energy need by buying 
wood. The purchase of wood is more common in highland and urban areas than in arid and semi-
arid areas, where the wood is still more readily available. Moreover, the volume of firewood use 
is higher in the highlands which can be explained by a cooler climate (Kituyi et al. 2001). The 
demand of wood in Kenya is increasing, while at the same time the scarcity of firewood is a 
growing problem and degradation is making the fulfilling of the firewood need even more 
difficult (FAO 2009: 5–8). 
 
 Figure 3. Children often help in collecting firewood (K. Zschauer 2009 and 2010). 
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2.4.2 Charcoal 
 
While the mainly illegal character of charcoal production makes regulation difficult (Figure 4), 
charcoal’s environmental impacts are also higher than for wood. Charcoal is made by using a 
method called carbonization. In carbonization, fuelwood is heated in a kiln where the air is 
limited. In Kenya, the majority of charcoal is produced in earth mound kilns, where wood and 
twigs are piled and covered with layers of dirt and left to burn for 5 to 10 days (Pennise at al. 
2001). Due to the low efficiency of the kilns, the production of 1 kg of charcoal requires up to  
10 kg.of wood (Kirubi et al. 2000). Therefore, when taking into account both production and 
consumption, charcoal has 6 to 13 times higher emissions compared to firewood (Bailis et al. 
2003). Also poor packing and transportation processes cause about 20% loss from each bag. Due 
to the illegal character of these processes, the carriages are used with heavy loads as possible and 
they are transported by night (Kituyi 2004). 
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2.4.3 Firewood and social impacts 
 
Collecting firewood requires time and physical energy. A study conducted in the Taita Hills in 
1986, showed that already at that time, a firewood search involved long distances, approximately 
6–8 kilometers, several times a week. To meet energy needs it is particularly laborious for those 
who do not have enough woody vegetation in their own farm or who cannot afford to buy 
firewood (Ligunya 1986: 3–5). This, in addition to other domestic or farm work, reduces the time 
that could be used for education, acquiring additional incomes or social interactions. 
Furthermore, fuelwood collection needs to be carried out in the daylight, which thus diminishes 
the time that could be used for studying in conditions where no artificial light is available after 
dark. Therefore, reliance on fuelwood as a primary energy source restrains the development of 
rural economies and hinders income generating activities as well as poverty alleviation (UNEP 
2006: 6, 51). 
 
In the last decades, steadily increasing population in the Taita Hills has forced more people to 
share the same energy resources. This means that more land is needed for cultivation at the 
expense of the woody vegetation areas. This makes the acquisition of firewood more difficult and 
can cause conflicts. It also makes people more dependent on energy wood purchasing. If the 
amount of money spent on fuelwood or other energy sources is high, it weakens the families’ 
economy to the extent that the money spent on energy is taken away from other basic supplies 
like food or school fees.  
 
2.4.4 Firewood and health impacts 
 
The most significant health concern using firewood is the smoke, especially, when the burning 
happens indoors without proper ventilation or chimneys. Smoke contains carcinogens and small 
particles, which damage the lungs and respiratory organs (WHO 2009). This indoor air pollution 
strongly increases the risk of pneumonia and chronic respiratory diseases. It also increases the 
exposure to lung cancer, cataracts and tuberculosis by weakening the condition of the respiratory 
organs. There has also been found tentative connections between indoor air pollution and low 
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Figure 5. Traditional way of cooking with firewood produces lot of smoke (K. Zschauer 2010). 
birth weight, or ischaemic heart disease as well as nasopharyngeal and throat diseases (WHO 
2005).  
The health effects of smoke are especially high in low-income countries. According to the World 
Health Organization (WHO) lower respiratory infections were the leading cause of mortality in 
2004, causing 2,9 million deaths (in high-income countries it caused 0,3 million deaths). 
Together with HIV/AIDS and diarrhea it forms the primary cause of burden of disease in Africa. 
Acute Respiratory Infections (ARI), mainly pneumonia, were also one of the main cause of death 
among children under five years in Africa (WHO 2008: 1–16, 43). Smoke is particularly harmful 
smoke is for children (Figure 5), who are more vulnerable to hazardous pollutants and 56% of all 
indoor air pollution-attributable deaths occur among children under 5 years of age (WHO 2005).  
In rural Kenya, fuelwood is the main energy source and cooking mostly takes place on an open 
fire by using traditional tree stone or clay bricks, and thus the exposure to smoke is high. Smoke 
diffuses rapidly into the living areas (Dasgupta et al. 2004), and therefore the time spent indoors 
is one of the main factors that directly correlates with smoke exposure. Other factors are distance 
of the fire, household energy technology and fuel type, respectively (Ezzati & Kammen 2002; 
Ezzati et al. 2000). In Kenya lower respiratory diseases were the second common cause of life 
loss among all ages in 2002, forming 10% of all deaths. In the same year the second common 
causes of death among children under five years was pneumonia (WHO 2006). 
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2.4.6 Why women? 
 
Women were selected to be interviewed because of several reasons. Firstly, in developing 
countries women and children are mainly responsible for fuelwood collection, which reduce the 
time left for other activities and increases their work burden (Taita District Development Plan 
2008–2012: 47; Muchiri 2008). This is also the case in the Taita Hills, where firewood is 
commonly collected once or twice a week by women and children (Vogt & Wiesenhuetter 2001: 
69; Fleuret 1985). Secondly, females are also in charge of cooking, which exposes them more to 
the effects of smoke and smoke-related diseases than men (Bailis et al. 2005; Muchiri 2008). 
Because women are heavily involved in the household’s energy and cooking activities, they are 
also the first affected by the decline of fuelwood (Figure 6). When firewood is scarce, the time 
used for the collecting it increases as does usually also the amount of money that is spent on 
energy. Traditionally, men are in control of the household’s income and economy, which means 
that women are left out of the decision-making process also while buying energy. This causes 
women to be more vulnerable and can result in a situation where they are forced to walk longer 
distances to collect firewood. For example in the Taita Hills women can plant a tree but the male 
decides more often when it is harvested (Soini 2005: 25). Even though women are often 
responsible for agricultural and energy economical issues and have the hands-on know-how, they 
are neglected when promoting new technologies or education. For example in the Taita Hills, 
75% of agricultural labor consists of women but men are more often trained to use modern 
methods and technology. This leads to a situation where true needs are not noticed in practice or 
capacity building is not existent for those who are mainly involved in the work. This also hinders 
women’s opportunities to improve their social and economic position, heightened by the unequal 
access to the incomes (Taita District Development Plan 2008–2012: 47).   
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As Skutsch emphasizes in the research of Clancy et al. (2007), the energy studies should pay 
more attention to gender. Usually in interviews women have been ignored because they are not 
seen as decision makers. This means that women's knowledge and their needs are not taken into 
account, though they are mostly responsible for the energy economy (Skutsch 2004, cit. Clancy et 
al. 2007). When the previously silenced voices are heard in research projects it can also lead to 
action that facilitate empowerment (Scheyvens & Lesie 2000: 127) Therefore in this study, I 
wanted to reach out to the women, who in the Taita Hills mainly take care of the energy supply. 
Figure 6. In Kenya women are responsible for many household activities and tasks (K. Zschauer 2010). 
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3. THE STUDY AREA 
 
3.1 The Taita Hills 
 
The Taita Hills are situated in South-East Kenya (03º25´S, 38º20´E), around 150 km west from 
the coast. Administratively it belongs to Taita-Taveta District, one of Kenya’s thirteen coastal 
provinces. The district covers 16,482 km² and is divided into six sub-divisions, Voi, Mwatate, 
Wundanyi, Tausa, Mwambirva and Nyangara, which forms three administrative constituencies 
Voi, Mwatate and Wundanyi.  
The predominant parts of the district’s land area (64.8%) is occupied by Tsavo East and Tsavo 
West national parks, that cover totally 10,680 km² (see Figure 7) (Taita District Development 
Plan 2008–2012: 9–10). 
 
3.1.1 Physical features 
 
The Taita Hills are situated in the northernmost part of the Eastern Arc Mountains, which stretch 
from southeast Kenya through central Tanzania. These mountains were formed during the 
Precambrian time from about 2 900–1 800 million years ago. The area consists of two 
topographical parts: the lowlands and the highlands. The lowlands are formed by semiarid 
savannah that stretches from 300 to 1000 m above sea level. The highlands area is constitute 
made up at three major mountain blocks. These are the Sagala, Taita and Kasigau Ranges. The 
average height of the Taita Hills is 1500 m.a.s.l. (Jaetzold & Schmidt 1983 cit. Pellikka 2004). 
The highest peak is Vuria, which is situated in the Taita Range and rises up to 2208 m.a.s.l. (Vogt 
& Wiesenhuetter 2001: 17–21). This is followed by Yale 2104 m.a.s.l, found also in the Taita 
Range (Pellikka et al. 2009). While Taita range is located in the center of the district, Sagala 
(1517 m.a.s.l.) and Kasigau (1614 m.a.s.l.) are placed in south-eastern parts, about 30 and 50 km 
from the Taita range (Himberg 2006: 23–24). 
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Inter Tropical Convergence (ITC) and the Trade winds. As result of these there are two rainy 
seasons a few weeks after the equinoxes (Vogt & Wiesenhuetter 2001: 20–21). The long rains 
take place between March and May when the South-Eastern Trade wind brings moist air from the 
Indian Ocean causing orographic rains (Seppä 1990). Short rains occur between October and 
December by the effect of the North-Eastern trade wind (Vogt & Wiesenhuetter 2001: 20–21) but 
it is common that the mist and cloud precipitation occurs year-round (Pellikka et al. 2009). 
 
Despite the two annual rain seasons the district is relatively dry, especially the lowlands where an 
average annual rainfall is 500 mm and the average temperature around 25 °C. In the upland the 
annual precipitation is around 1500 mm and the temperature 17 °C (Pellikka 2005). The elevation 
and the wetter climate have enabled the upland to be a water catchment area in the hills that 
condensates moisture and relief rainfall (Taita District Development Plan 2008–2012: 10). 
However, in recent years rains have been irregular, and for example in the year 2009, the area 
suffered drought that caused many losses to the agriculture and cattle farming (Mjomba 2010a). It 
is also normal that the East and South-East facing slopes receive more rainfall than the north 
facing slopes due to the rain shadow effect (Vogt & Wiesenhuetter 2001: 20–21).  
 
The Taita Hills are very rich in the biodiversity. The natural forest has decreased and degraded 
dramatically, but there are still some patches of indigenous cloud forest left (Pellikka et al. 2004). 
Montane forest in Kenya can be divided into two different forest types. These are Ocotea forests, 
which can be found above 1600 m. Typical species in these forests are Ocotea Usambarensis, 
Taberneamontana stapfiana and Aningeria adolfi-friedericii. Another forest type is Newtonia 
forests, which occurs between 1250 –1800 m.a.s.l. Characteristic species to these forests are 
Newtonia buchananii, Nuxia sp., Rapanea melanophloes and Xymalos monpospora (Aerts et al. 
2010; Ngangao Forest… 2008: 18). The natural moist montane forest or cloud forest type that is 
prevailing in the Taita Hills is Ocotea forests (Aerts et al. 2010).  
 
The forest remnants provides home to many endangered and endemic species, where some can be 
found only in a few square kilometres area in the Taita Hills. It belongs to an area of exceptional 
importance of biodiversity conservation and it has been named one of the world’s biodiversity 
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hot-spots (Aerts et al. 2010; Burgess et al. 2007; Conservation International 2007). As examples 
of the endemic species that are found only in the Taita Hills are birds like Taita White-Eye 
( Zosterops silvanus), Taita Apalis (Apalis fuscigularis) and Taita thrush (Turdus helleri) 
(Ngangao Forest… 2008: 21). 
 
It has been estimated that in Africa four million hectares of forest are cleared annually. In East 
Africa this meant -0,97% change in every year between 2000 and 2005. Over half of this loss was 
caused by small scale permanent agriculture (FAO 2009, 4–5). It has also been estimated that 
over 90% of the Eastern Arc Mountains has been lost during the last 200 years. (Lowett & 
Wasser 1993, cit. Pellikka et al. 2009). In the Taita Hills region the area of indigenous forest has 
decreased 50% between the years 1955 and 2004. This decline has been caused by population 
growth and clearing land for agriculture as well as grazing, fuelwood collection and charcoal 
manufacturing. Although the total forest cover area has not diminished so dramatically, the 
ecosystems have been highly affected by the transition to exotic species by plantation and 
monoculture farming (Pelikka et al. 2009). The heavy dependency of local families on firewood 
as an energy source has not changed significantly in last decades, and thus the pressure to harvest 
woody vegetation remains high. Already in the mid 1980’s, the district experienced a woodfuel 
crisis (Namuye 1986: 3–4) and since then the size of the forest has not grown. This fact and a 
predicted increase in the fuelwood consumption does not make it easy to protect and increase the 
forest area, and to restore the indigenous vegetation (FAO 2009). 
 
3.1.2 Human geographical features 
 
The total population of the Taita Hills in 2008 was 225,636 (Taita District Development Plan 
2008–2012: 12). Most of the people, over 70%, belong to the ethnic group of Taita, which is part 
of the Bantu tribe. The next largest group is Kamba around 10% and Taveta, Mikijenda and Luo 
each under 5% (Vogt & Wiesenhuetter 2001: 51). In the last decades population growth in the 
area has been rapid and the number of inhabitants has more than doubled in the last 30 years. In 
recent years the yearly growth has however decreased being now 1.74%. 
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Figure 8. The largest towns and indigenous forest patches and the highest mountain peaks of the Taita Hills 
complex. Satellite image SPOT 2003 (false color composition) modified by the author.   
There are three main urban centers in the district, from which the largest is Voi town, situated 
along the Nairobi-Mombasa highway with about 41 200 inhabitants. Two other centers are 
Mwatate with the population of about 7000 and Wundanyi in the upper zone with circa 8500 
people. Most of the district’s population live in rural areas and rely mainly on agriculture, which 
contributes 95% of the household income. Local farms are small, particularly in highland areas 
where the average size is 0,4 ha.  In the lowlands the average farm size is bigger, around 4,8 ha 
(Taita District Development Plan 2008–2012: 10–14). The highlands are considered as a high 
potential agriculture area, whereas the lowlands are medium or low potential areas (Soini 2005: 
10). The largest urban centers and biggest indigenous forest patches of the Taita Hills are 
presented in figure 8. 
 
 
 
 
 

 
 
31 
and cultivation pattern of the Ngangao, where the farms are relatively small and crops are mixed 
grown. 
 
Fifty-seven percent of the district’s population lives in absolute poverty (Taita District 
Development Plan 2008–2012: 13) meaning that people have difficulties or cannot meet their 
basic needs of nutrition or fresh water. In the Wundanyi Division, where the first case study area 
was situated around the Ngangao forest, 64% of people live under the poverty line. In the 
Mwatate Division, where the second study case area was situated, 58% of people live below the 
poverty line. However, the second case study area site was located in Mwatate Division in Bura 
location, where the number of people living under the poverty line is 60% and hereby slightly 
higher than division’s average (CBS 2004, cit. Soini 2005: 12).  
 
According to Taita District Development Plan 2008–2012 over 75% of the district’s households 
use firewood and 14% charcoal. These are mainly used for cooking. Only 7.7% of households 
have access to electricity for lightning. Other energy sources are paraffin, solar and gas. Earlier 
studies have also observed the critical fuelwood situation in the area. As early as 1986, Silvester 
Namye wrote in his article about the Taita-Taveta District’s woodfuel crisis. He paid attention 
especially to the long distances that women had to travel by foot when seeking branches for fuel, 
generally in the Bura location and to the huge portion that energy took from families’ incomes 
(Namye 1986). The population growth in last twenty-five years has not eased the situation. 
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3.2 Indigenous forests in Ngangao and Chawia 
 
Ngangao and Chawia are two of the three larger forest remnants in the Taita Hill forests where 
there is still some closed indigenous canopy forest left (Pellikka et al 2009). According to a local 
legend from the beginning of the 20th century, the Taita Hill Forest were so extensive, that it was 
possible to walk in the forest from Ngangao to Chawia, a distance of 10 km (Ngangao Forest… 
2008: 31). Today this cloud forest that once covered hundreds of square kilometres has shrunk to 
small patches (Pellikka et al. 2009). Aerial photographs from 1960’s indicate that at that time the 
forest coverage of the Taita Hills still was 145 ha. 
 
Estimates of the size of the current forest area vary among different stakeholders and researchers. 
Beetje assessed in 1988 that the remained area is less than 400 ha (Beentje 1988: 24–25, cit. Vogt 
& Wiesenhutter 2001, 42). According to the Taita District Development Plan 2008–2013, the 
district should today cover 31 gazetted forests and 48 non-gazetted forests (Taita District 
Development Plan 2008–2012: 21). Pellikka et al. (2009) estimated by using airborne, true colour 
digital imagery data from 2004, that the total forest area should be 520 ha. This estimate included 
also plantations and bushlands. The large variation of estimates is mainly due to the different 
analyse and classification methods used. In any circumstances, the fragmentation and the loss of 
the forest have been significant and is creating a severe threat to the ecology. 
The size estimates of indigenous forests of Ngangao and Chawia also differs. According to 
Pellikka et al. (2009) between years 1955 and 2004 Ngangao forest has diminished circa 20% 
(from 150 ha to 120.1 ha) and the Chawia forest circa 28% (from 120.2 ha to 86, ha). Beentje’s 
year 1988 estimate for the forest loss is much greater. He calculated that the indigenous forest 
loss since the 1960’s was 50% for Ngangao and 85% for Chawia (Beentje 1988: 24–25, cit.Vogt 
& Wiesenhutter 2001: 41). One survey was also done in 1995 by Run, where he calculated that 
between 1955 and 1993 the forest loss for Ngangao was around 44% (Ngangao Forest… 2008: 
20). Also these differences in estimates are the result of diverse methods and classifications. 
The preset and prominent environment change and forest transformation started at the end of 
1880’s when the area was colonized by the Imperial British East Africa Company. The ownership 
rights were ceded from the Sultan of Zanzibari to the British Empire whose soldiers were brought 
to the area. They changed the traditional regime system by selecting people within communities 
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to govern people and collect taxes. Colonial railway construction required workforce and timber 
which both were acquired also from the area and a wider harvesting of the forest started. 
Traditional forest use was also changed by missionaries who came to the Taita Hills in the 1940’s 
and started to convert people from the old practices. Also during the colonial era, the first exotic 
trees were brought to the area. These were the Australian origin Acacia mearnsii (Black Wattle 
Tree) and Eucalyptus sp. (Eucalyptus). These new species were introduced to meet the demand of 
fuel needed for the trains and the missionaries housing. Between 1910 and 1963, communities 
were mobilized in planting these trees also in the bare areas in Ngangao and Chawia. Other exotic 
species that were brought to the area were pines (Pinus), grevillea (Grevillea Robusta) and 
cypresses (Cupressus species). Planting of these continued also after colonial time. Seedlings of 
exotic trees were grown in Wundanyi and given to the local farmers. From these trees Eucalyptus 
was mainly used for fuelwood when Pines were mostly for construction and Grevilleas for 
intercropping with coffee and other food crops (Ngangao Forest… 2008: 31–32). 
Even today, forests have a significant role to the locals. Their importance as water catchments is 
commonly known, and they are significant sources of firewood, medicine and herbs. The 
traditional knowledge is nowadays mainly held by elder members of society while the younger 
generation is more interested in the commercial use of trees (Himberg 2009). 
 
3.2.1 Ngangao forest and the description of case study area 1 
 
Ngangao forest is located on an eastern slope of a north-south oriented mountain ridge on 
38º20´33´´ E and 3º21´55´´S and its elevation varies from 1700 m.a.s.l. to 1952 m.a.s.l. The 
indigenous forest is situated mainly on a steeper eastern slope while the western slope is more 
open rock with some exotic tree species patches. Ngangao covers approximately an area of      
120 ha (Pellikka et al. 2009) and is surrounded by six densely populated villages. (Ngangao 
Forest… 2008: 16).  
The first case study area, hereafter referred as case study area 1, was situated around the 
Ngangao forest (Figure 10) and the household interviews were conducted in the six different 
villages. This area is a part of Wundanyi Divison in Wumingu location and is situated about 7 km 
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from Wundanyi town. According to the 1999 population census the location has 9121 inhabitants 
(Ngangao Forest… 2008: 25). The area belongs to a high potential agro-ecological zone, which is 
also suitable for growing vegetables. The annual rainfall varies from 900 mm to over 1200 mm 
and the mean temperature varies from 18 °C to 20.1 °C. Only 2.6% of the districts land area is 
part of this fertile zone and it is in intensive agricultural use (Jaetzold & Schmidt 1983, cit. Vogt 
& Wiesenhutter 2001: 46–48). In the new forest management plan, Nganago forest is divided into 
three management zones. The innermost part of the forest is named a protection zone where 
access and collection of plants is limited. Indigenous trees grow in this zone. The protection zone 
is surrounded by the utilization zone. This zone consists of exotic tree species and meets 
domestic requirements for firewood, timber and construction wood. The outermost circle of the 
forest is named as the intervention zone and it belongs mainly to private farms (Ngangao 
Forest… 2008: 50–54). 
 
Figure 10. The indigenous forest of Ngangao is closely surrounded by farms (K. Zschauer 2010). 
 
3.2.2 Chawia Forest and the description of case study area 2 in Bura 
 
Chawia forest (38°20'31"E, 3°28'48"S) is located at the southern part of the Taita Hills at lower 
altitudes than the Ngangao forest. Chawia (Figure 11) is situated at the top of the steep Bura cliff 
and it has an altitude of 1470 m to 1600 m (Pellikka et al. 2009).  
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Figure 11. Indigenous forest vegetation in the Chawia forest  
(K. Zschauer 2010). 
 
 
 
 
The second research area, hereafter referred as case study 2, was situated on the south-western 
side of the Chawia forest, below the Bura cliff (Figure 12) about 1050 m.a.s.l. The household 
interviews were carried out in seven small villages in the Sechu area of the Bura location. This 
location is a part of the Mwatate Division and based on the 1999 population census it has a 
population of 9761 inhabitants.  
  
Figure 12. A view down from the Bura cliff. Case study area 2 is shown in the foreground of the picture 
(K. Zschauer 2010). 
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Agro-ecologically the area belongs to a medium potential zone. Its annual rainfall varies between 
600–800 mm and the average temperature from 20,9 °C to 22,9 °C. This area covers 7% of the 
Taita Taveta District (Jaetzold & Schmidt 1983, cit. Vogt & Wiesenhutter 2001: 46–48). The soil 
of the area is shallow and highly erodable and as a result of over cultivation and high population 
pressure it has suffered from soil degradation and land loss (Vogt & Wiesenhutter 2001: 48–49). 
Location of the case study areas are shown in figure 13.  
 
Figure 13. The case study areas are situated near of the indigenous forests. Case study area1 is on the 
highland around Ngangao forest and the case study area 2 is in the Bura area on the south-western side of 
the Chawia forest. Satellite image SPOT 2003 (false color composition) modified by the author. 
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4. METHDOS AND ANALYSIS 
 
Both primary and secondary sources of data were utilized in this study. Various qualitative 
methods were used in data collection (Figure 14). For primary data fifty households were 
interviewed using semi-structured questionnaires. Five district authorities and two non- 
governmental organizations (NGO)-workers were also interviewed by using theme interviews. 
Household interviews were deepened by participatory GIS mapping. Beside these also four 
households were visited in order to hear their experiences about energy saving cooking stoves, 
locally known as energy saving “jiko”. Primary data includes also a research diary, oral 
announcements given during the field trips, participatory observation and attendance at one field 
day training session held by division Home Economics Officer Patience Mwasi in Nyambu 
Primary School. The training session considered the methods of cultivation and the use of energy 
saving cooking stoves. Also the two indigenous forests, Ngangao and Chawia, on the study sites 
were visited and members of the forest management groups interviewed. 
Secondary data was received from literature gathered during the field study. This literature 
consists of surveys and publications prepared by local authorities and research institutes and by 
international and local NGOs. Also other, topic related studies and literatures were included. 
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Figure 14. Several different study methods were used for data collecting. Pictures taken in the Taita Hills 
2010 (K. Zschauer 2010). 
 
4.1 Household interviews and expert interviews 
 
Household interviews were conducted in both case study areas, using semi-structured question 
forms. Participants were selected based on their location and distance from the indigenous forest 
border. The interview form was divided into four parts, where the first part was for background 
information. The three following parts were dealt with the vulnerability caused by the use of 
energy and fuelwood. These three parts were divided based on environmental, empowerment and 
 
 
40 
health factors. The interviews took place in the participant’s home or in the household yard, 
which was a more pleasant environment especially in the hot midday weather. One reason for the 
selection of the place was also that many of the participants were interviewed during their 
domestic work. A home environment offered also a familiar ground which could reduce the 
insecurity caused by the interview and allow interviewees to speak more openly. The household 
interview form is attached to the end of this study (Appendix 1). The expert interviews were 
carried out as theme interviews in where only a few open questions were pre-defined and the 
interviewee was given a chance to speak freely on the topic. This allowed more diverse responses 
and brought out more new issues. District authorities and NGO workers were interviewed at their 
workplaces.  
The reason why the household interviews were carried out in two different areas was the aim to 
study whether the households’ energy consumption and patterns varies within different locations 
in the Taita Hills region. The case study area 1 was situated on the highland slopes and the case 
study area 2 on the lowland. Both areas were located close to the forest border of one of the two 
largest forest remnants. Even though these two areas were situated approximately at the same 
distance from the forests, the environment differed significantly. In the highland, around 
Ngangao forest, precipitation is much higher than in the lowlands, having a clear impact on 
vegetation and soil. In the lowlands, the village was also separated from forest by a steep Bura 
cliff, which made accessibility difficult already before the banning the use of the forest.  
The household interviews were complemented by expert interviews in order to gather the views 
of grass root actors as well as local and national policies. This was also the way to find out 
whether the official policy and the common practise differ much from each other. The language 
spoken in the Taita Hills area are Swahili, English and local Taita. To avoid misunderstandings 
and language barriers the interviews were conducted with a local interpreter who was also aware 
of local customs and practises.   
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4.2 Participatory GIS (PGIS) 
 
One part of the household interviews was Participatory mapping process. Participatory mapping 
is a part of Participatory Geographical Information Systems (PGIS) methods. The purpose of this 
process, in addition of information collection, was to give a more active role to the interviewees 
to act as knowledge producers and also to provide them an opportunity to perceive their 
environment from a different perspective. 
PGIS is a practice of Participatory Rural Appraisal (PRA) i.e, sketch mapping. The aim of this 
method is to help process and transform the local knowledge to a map form (Minang & McCall 
2006; Rambaldi et al. 2006). It has its origins in the Rapid Rural Appraisal (RRA), a method that 
was developed in the 1970’s in development studies. RRA was born out of criticism of statistical 
methods, which were seen as time consuming and unsuitable for data collection. The core idea in 
this collection of methods is that, instead of using exact queries, the researcher joins the locals 
and lets them tell their story in their own words. RRA does not aim to make wide generalizations, 
but emphasizes the idea that data is bound to the time and place. It also observes the fact that an 
outside researcher can never totally understand the life of a community (Laitinen 2002: 26–27).  
In the late 1980’s, RRA was criticized because of not involving locals and the Participatory Rural 
Appraisal (PRA) (later also called Participatory Learning and Action (PLA)) was developed to 
augment their participation to the production and management of knowledge. PLA highlights the 
idea that the locals should benefit from communication between the “outsiders” and the 
“insiders” (Laitinen 2002: 27–28). Participatory mapping has been used in PRA since the 1980’s, 
especially in natural resource management (Chamber 2006). The development of information 
technology in the 1990’s enabled the use of different kind of geo-spatial tools, like global 
positioning system (GPS) and digital maps and images, in PRA, and PGIS was developed 
(Rambaldi et al. 2006).  
In this study, PGIS practise was conducted by using participatory mapping. This was made with 
true color aerial images. Data for these images was acquired in January 2004 by NIKON D1X 
true color airborne digital camera, equipped with a 14 mm lens that produced a 78° opening 
angle. Data was collected between an altitude of 2100 m and 2700 m when the proximate ground 
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pixel resolution was between 27 and 40 cm for the forest fragments (Pellikka et al. 2009). The 
scale of the images that were used in participatory mapping in the case study area 1 were: 
1: 8000, 1: 4000, and 1: 3500, respectively. In the case study area 2, the resolutions of the images 
used in participatory mapping were 1: 8000 and 1: 4500. By means of these images, the 
participants were mapping their current firewood collection areas and the areas that were used for 
collection 30 years ago. During this process the location of the household was also noted down 
by a handheld Global Positioning System (GPS) receiver so that later the places could be better 
pinpointed and the information transformed to digital form. 
 
4.3 Data collection process 
 
The data for this study was collected during two field periods (Figure 15) in Kenya, first one in 
January–March 2009 and the second one in March–April 2010. The first field trip concentrated 
more on participatory observation whereas the second one to interviews.  
 
Figure 15. Case study sites were reached by foot, by bike, by local transportation or by a combination of 
these (K. Zschauer 2010). 
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Fifty household interviews were conducted in March and April 2010, so that from both areas 25 
houses were selected by random sampling after locating the houses on aerial photographs. 
Participants were selected among women who took part in the household’s energy practices. 
Usually she was either the mother or the oldest female of the house. Before starting the 
interviews the questionnaire was tested by a local farmer and a couple of clarifying questions was 
added.  
The first part of the interview consisted of semi-structured questions and took between 30 to 40 
minutes. The second part consisted of participatory mapping process. At first, the aerial image of 
the study area was introduced to the participants. They were given some time to get familiar with 
the places and locations and to be able to locate their homestead from the image. It was 
particularly important that before starting the actual mapping, all the participants were able to 
locate the surrounding environment correctly with the help of using the image. After that a 
transparent plastic film was placed on the airborne image on which the interviewees drew on the 
areas, from where they at the present moment collect wood and where it had been collected 30 
years ago, when the collection was still permitted in indigenous forests. This mapping process 
lasted between 10 to 20 minutes, including the time needed to familiarize with the image.  
It was important to reserve enough time for the interview, because the interviewer was a person 
with a different cultural background and because several languages were used. Extra time was 
also needed to explain and clarify the questions for the interviewee. For example, clarifying 
background information could need some extra time since the date of birth was not always 
necessarily known to the interviewee or the concept of time differed from interviewers. 
Participatory mapping instructions were given also face to face. This was very important, because 
the majority of the participants had never seen a map of the area. 
The in-depth interviews were conducted in April and May 2010 in Mwatate and Wundanyi towns 
and in Maghimbinyi village. The following public administration representatives were 
interviewed in Wundanyi: District Public Health officer, Forest officer and Forest Assistant 
minister, district Development officer and division Home Economics officer. In Mwatate the 
public administration was presented by division Home Economics officer. NGO’s representatives 
interviewed were the Coordinators of Taita Wildlife forum from Wundanyi and a member of the 
Ngangao forest association from Maghimbinyi village. 
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4.4 Analysis of the data 
 
The household interviews and the in-depth interviews were lettered and analyzed by using 
qualitative content analysis. Household data was also transferred to Excel-format so that it could 
be analyzed and modified by ArcGIS software. Each household was also located by a handheld 
GPS receiver during the interview. These coordinates were also saved on Excel and transferred to 
ArcGIS-shapefile format. 
The results of PGIS mapping were digitized by hand from the transparent plastic films. The 
information of areas where the firewood was collected was transformed to a digital map format. 
The coordinates collected by GPS were also later added to this map. Afterwards the map was 
analyzed further by using both visual interpretation and GIS methods. The analyze process of the 
PGIS data is shown in more detailed in a flow chart (Figure16).  
In order to conclude and sum up the collected data it was analyzed through SWOT analysis 
(Figure 33). SWOT analysis is a method which is used to examine strengths, weaknesses, 
opportunities and threats of the phenomenon researched. The end result of SWOT analysis is a 
four-field table in where these attributes of the phenomenon are enumerated. In addition that the 
SWOT analysis provides a visual summary it is can also be used as a basis of further planning. 
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Figure 16. The flow chart shows how the PGIS data was processed. The results of PGIS mapping and the 
coordinates collected by handheld GPS receiver were transformed to a digital map format. 
 
4.5 Evaluation of the used methods 
 
Because of the humanistic nature of this study it was relevant to use qualitative methods like 
interviews, PGIS and participatory observation. PGIS is commonly used in developing countries 
and the method proved suitable also in this research. It created interaction that helped information 
sharing and the locating of the firewood collection areas. The use of aerial images also eased the 
dialogue when the communication was conducted in the local language. These also helped of 
perceive the area. Four colour images were rather easy to read but it was important to use 
resolution small and clear enough. To someone who was not familiar with aerial images it could 
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be difficult to perceive the bird’s eye perspective. In those areas more time had to be used for the 
familiarizing of the picture.  
 
While the accuracy of the visual locating was not very exact it was a good thing to use the GPS 
receiver as well. Because the accuracy of the handheld receiver was not really precise either due 
to the blind spots caused for example by clouds, buildings or vegetation or because of the 
technical problems like bad quality of the batteries the exact location was achieved by combining 
both of these methods (Figure 17). This is why PGIS mapping and GPS receiver data supported 
each other also in data handling and analyzing. Sometimes also the finding of the target 
household caused problems because, due to the lack of detailed maps of the area, the navigation 
took place through aerial photos, which were not that accurate. 
 
Qualitative content analysis was a good method for unstructured and communicative data like the 
interviews and the material was assembled, described and classified by using it. Since the 
purpose of the analysis was to examine the respondents’ views and experiences, a qualitative 
approach was more relevant than statistical methods. Because all the interviews were conducted 
in English with the help of an interpreter, it must also be taken into consideration how well 
people understand each other. The different cultural backgrounds of the researcher and the 
interviewees can also generate differences in interpretation. However, reliability was increased by 
reserving enough time for the interviews and familiarizing oneself with the places and habits. In 
general, participatory methods require some time, while the observer becomes acquainted with 
the society and the activities, also the organising and appointments making require more time in a 
different culture. It should also be mentioned that in a foreign country the researcher is an 
outsider, especially if the periods spent in the area is relatively short. This also means that it is 
impossible to understand all the cultural meanings. However, sometimes being an outsider can 
also help to see better the connection, while cultural norms and habits are not self-evident. 
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Figure 17. Sometimes the locating of different places was not easy. Problems were caused for example 
by technical issues and the lack of maps (K. Zschauer 2010). 
 
5. EMPIRICAL FINDINGS AND RESULTS 
 
The empirical findings and results of this study are presented following the same structure as was 
used in the household interview’s question forms. The first part of the empirical study consists of 
basic background information on the households and gives an understanding about the average 
living circumstances in the area. This is followed by the following topics: environmental impacts, 
social impacts and health impacts, respectively. These impacts are also elements of vulnerability 
which effects individuals coping capacity now and in the future. 
 
5.1 Households’ background data 
 
The age of the household interview participants varied between 31 and 79 years, the average age 
being 53 years. It was hoped that the interviewees, especially women, would be close to 40 years 
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Most common crops in the case study area 1 were maize that was cultivated in all households, 
beans, cassava, sugarcane, sweet potatoes and potatoes. The most common fruits were avocado, 
banana and passion fruits and from horticultural species sukumaviki and cabbage (Figure 19). 
 
 
Figure 19. The most common crops, fruits and vegetables cultivated in case study area 1 (Ngangao) and 
in case study area 2 (Bura ) in 2010 (data collected from field). 
 
Most of the families (90%) had members living outside the farm, and some of the families were 
economically supported by these members. Usually some or all of the grown-up children had 
moved somewhere else. In some households, the husband was working in an other town or he 
had died. In these cases, women had the main responsibility for the farm work. The high 
dominance of agriculture in the local economy prevents the expansion of the woody area, since 
all of the arable land is taken for cultivation. 
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5.2 Environmental impacts of fuelwood use 
 
All the families interviewed in the case study area 1 were using firewood. Almost half of them 
said that they are still mainly able to collect wood from their own farm. The rests of the families 
were forced to buy all or most of their fuelwood from other farmers or outsiders. In the case study 
area 2 only one of the interviewees was not using firewood. The reason for this was that she had 
only a charcoal cooker (jiko). In the case study area 2, over 75% answered that they collected the 
energy wood from the surrounding area. The rest relayed mostly on buying. This is in accordance 
with Soini’s results in where 61% of her interviewees in the Taita said that they still have enough 
vegetation to collect firewood from their own farm (Soini, 2005: 23). 
When the firewood was self collected it usually consisted of dry twigs and branches. If the wood 
was bought, the whole tree was usually purchased at once. They cut the tree themselves or hired a 
tree cutter. In both case study areas, firewood was used for cooking, warming up water, heating 
and for drying maize. In case study area 2, forest monkeys were also affecting the fuelwood use. 
Because of the primates, farmers were forced to harvest their maize while it was still unripe, 
otherwise it would have been eaten and destroyed by the monkeys. After harvesting, the maize 
was dried with the help of fire that was kept on in some families continuously for one month. It is 
clear that this practice increases wood demand notably. 
Other common energy sources were kerosene, charcoal and batteries. Kerosene was used in every 
family, in both case study areas. Charcoal was used in 40% of the farms in the case study area 1 
and in 60% in the case study area 2. Batteries were used by 60% of the households in both areas. 
Solar energy was rarely used; only one family in both case study areas was mentioned to have 
solar panels. The reason for the rare use of solar panels was that the models are expensive and 
relatively ineffective. There was also clear differences between the research areas in the use of 
electricity. In the case study area 1, 16% of households were using electricity and, in the case 
study area 2 none. The distribution of different energy sources is shown in figure 20. 
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Figure 20. The most used Households’ energy sources in the case study area 1 (in Ngangao) and in the 
case study area 2 (in Bura) in 2010 (data collected from field). 
 
When asked who makes the decisions concerning the family’s energy supply, women proved to 
have quite an active role. In 33 of the 50 households, women answered that they take care of 
these decisions, and in 10 households the decision was made together with the husband or with 
the children. Only in 2 households men were the sole decision-makers, and in 5 families, the 
responsibility was on children or in their families. 
 
5.2.1 Cultivated- and firewood tree species 
 
Many families also practice agroforestry. According to the new national regulation, 10% of the 
farms land area should be covered by forest. In the Taita Hills, this has been promoted by 
distributing tree seedlings and information about the importance of tree coverage to farmers 
(Figure 21) (Mjomba 2011; Republic of Kenya 2011). 
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Agroforestry is also encouraged by the country’s governmental programs (Government of Kenya 
2005b). One way of promoting this has been, for example different planting events that have been 
organized in public institutions like schools. 
 
 
Figure 21. People were taking part in tree planting exercises on World environment day 5.6.2010.  
The event was supported by government and different NGOs (Mjomba 2010). 
 
In the case study area 1, 24 of 25 interviewed (96%) answered that they are also growing trees 
many of which were exotic species and mainly of Australian origin. The most popular of 
cultivated tree species were: Cupressus (Cypress, exotic) that was grown in 19 out of 25 farms 
(76% of all households interviewed); Grevilea robusta (Silky oak, exotic) that was grown in 18 
farms (72% of all households interviewed); Acacia mearnsii (Black wattle tree, exotic) that was 
grown in 12 farms (48% of all households interviewed); and Eucalyptus globulus (Blue gum, 
exotic) that was grown in 12 farms (48% of all households interviewed).  
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From indigenous species cultivated were: Prunus Africana (Red stinkwood) that was grown in 6 
farms (24% of all households interviewed); Albizia gummifera (local name Msuruvasi) that was 
grown in two farms (8% of all households interviewed); and Maesa lanceolata (local name 
Ndido) that was also grown in two farms. All of the species, except Albizia gummifera, were 
mentioned to be used as firewood.  
The dominant firewood species used in the case study area 1 were also exotic species (Figure 22). 
The most popular firewood species in the area were: Acacia mearnsii (Black wattle, Australian) 
preferred in 20 of 25 families (80% of all households interviewed); Grevilea robusta (Silky oak, 
Australian) preferred in 8 families (32% of all households interviewed); Eucalyptus globulus 
(Blue gum, Australian) preferred in 6 families (24% of all households interviewed); and 
Cupressus (exotic) preferred also in 6 families (24% all households of interviewed).  
In the case study area 2, fewer families were cultivating tree species. Nineteen of twenty five 
(76%) interviewed answered growing tree species. Most popular were exotic species, like 
Grevilea robusta that was cultivated in 14 farms (56% of all households interviewed). The most 
popular indigenous species was Croton that was cultivated in 5 farms (20% of all households 
interviewed). These tree species were all used also as firewood. Cultivated tree species that were 
mentioned in the household interviews are listed in table 2 and the main firewood species 
mentioned in the household interviews are listed in table 3. 
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Table 2. Tree species cultivated in the case study area 1 (Ngangao) and in the case study area 2 (Bura). 
The number of household-field shows how many of interviewed households were cultivating the species 
in question (data collected from field). 
Scientific name English name Origin Number of household 
Cupressus Cypress exotic 19
Grevilea robusta Silky oak exotic 18
Acacia mearnsii Black wattle tree exotic,Taita name: Migamu 12
Eucalyptus globulus Blue gum exotic, Taita name: Mkongo, Mwarufu, Mrahan 12
Prunus Africana Red stinkwood indigenous 6
Albizia Gummifera Smooth-barked flat-crown, Peacock flower indigenous, Taita name: Msuruvachi,Msarawachi 2
Maesa lanceolata  False assegai indigenous, Taita name: Ndido 2
Calliandra calothyrsus Calliandra exotic 1
Citrus Sinensis Orange exotic 1
Croton Croton indigenous, Taita name: Mukugara 1
Citrus limon Lemon exotic 1
Persea americana Avocado exotic 1
Psidium guajava Guava exotic 1
Ficus sycomorus Sycamore fig indigenous, Taita name: Mukuyu 1
Scientific name English name Origin Number of household 
Grevilea robusta Silky oak exotic 13
Croton Croton indigenous, Taita name:Mukugara 5
Tamarindus indica Tamarind indigenous, Taita name: Mkwachu, Mkwaju 2
Azadirachta indica Indian Lilac exotic, Taita name: Mwarubaini 1
Eucalyptus globulus Blue gum exotic, Taita name: Mkongo, Mwarufu, Mrahani 1
Lannea stuhlmannii False marula indigenous, Taita name: Mshigha 1
Leucaena leucocephala White lead tree exiotic, Taita name: Lukina 1
Melia volkensii Melia(paikall. Kirumbutu) indigenous, Taita name: Kirumbutu, Mukumbutu 1
Morus alba  Mulberry exotic 1
Ocotea usambarensis East African Camphorwood indigenous, Taita name: Mukungo 1
Passiflora edulis Passion fruit exotic 1
Moanmbain 1
Mileisen 1
Mbendabure 1
TREE SPECIES CULTIVATED IN THE CASE STUDY AREA 1 (NGANGAO)
TREE SPECIES CULTIVATED IN THE CASE STUDY AREA 2 (BURA)
 
 
The main reason for the use of these species as firewood was the low smoke production. Slow 
burning, good flame and strong charcoal were the other reasons for the use of these trees. These 
tree species were also available in the close vicinity of the farms. The finding of scientific names 
for all mentioned indigenous tree species were not possible, due to the different pronunciation 
and the large variation of local names. 
Compared to a research made by Soini in 2005 there were 2 tree species in her study within the 
top ten planted tree species that were not mentioned by the interviewees. These were Carica 
papya (papaya) and Annona squamosa (sugar-apple) (Soini 2005: 25). Preferred species that were 
mentioned in this study but were not popular in Soini’s study were Prunus Africana, Albizia 
Gummifera, Maesa lanceolata and Croton.  
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Table 3. Main firewood species used in the case study area 1 (Ngangao) and in the case study area 2 
(Bura). The number of household field shows how many of interviewed households were using the species 
in question. Especially in case study area 1 exotic species are preferred as firewood (data collected from 
field). 
Scientific name English name Origin Number of household 
Acacia mearnsii Black wattle tree exotic, Taita name: Migamu 17
Grevilea robusta Silky oak exotic 8
Cupressus Cypress exotic 6
Eucalyptus globulus Blue gum exotic, Taita name: Mkongo, Mwarufu, Mrahani 6
Albizia Gummifera Smooth-barked flat-crown, Peacock flower indigenous, Taita name: Msuruvachi,Msarawachi 1
Ficus thonningii Mwumu 1
Lantana sp. West Indian Lantana exotic, Taita name: Mvudi, Mishomoro,Mwemberi 1
Millettia oblata endemic to Taita Hills, Taita name: Mwava 1
Prunus Africana Red stinkwood indigenous 1
Mosi 1
Kivubungu 1
Scientific name English name Origin Number of household 
Pennisetum purperum Napier grass indigenous, Taita name: Sinani, Sunani 19
Acasia mellifera indigenous, Taita name: Iti 15
Brachyleena huilensis indigenous, Taita name: Maribongo,Iribongo 14
Grevia Plagiophylla indigenous, Taita name: Ndomogo 12
Acasia tortillis Umbrella Thorn Acacia indigenous, Taita name: Tagasina, Shigire 10
Lantana sp. West Indian Lantana exotic, Taita name: Mvudi, Mishomoro,Mwemberi 10
Mushumbululu 8
Harrisonia abyssinica indigenous, Taita name: Kikongori 7
Zimmermannia ovata endemic to Taita Hills, Taita name: Bagi,Mubaki 6
Strombosia scheffleri Msemeri, Msangana 3
Acasia polycanta Falcon's claw acacia indigenous, Taina name: Mukulumba 2
Acasia tortillis Umbrella Thorn Acacia indigenous, Taita name: Tagasina, Shigire 2
Coptosperma graveolens indigenous, Taita name: Mrikawandu 2
Grevia villosa Mallow raisin indigenous, Taita name: Mshosoti, 2
Lannea stuhlmannii indigenous, Taita name: Mshika 2
Mangifera indica Mango tree exotic 2
Ruttya fruticosa lindau indigenous, Taita name: Ngalangala 2
Cassia siamea Kassod Tree, Black-wood cassia exotic, Taita name: Msoko 1
Croton Croton indigenous, Taita name: Mukugara 1
Croton dichogamus indigenous, Taita name: Ngombiano, 1
Eucalyptus globulus Blue gum exotic,Taita name: Mkongo, Mwarufu, Mrahani 1
Grevia forbensii indigenous, Taita name: Mdonga 1
Grevilea robusta Silky oak exotic 1
Manilka sulcata Mushauki 1
Podocarpus usambarensis East African Yellow Wood indigenous, Taita name: Seneka 1
Premna resinosa indigenous, Taita name: Mukambia 1
Rhus natalens indigenous, Taita name: Kitariga 1
Mugunwa 1
Musashi 1
Mishangi 1
MAIN FIREWOOD SPECIES IN THE CASE STUDY AREA 1 (NGANGAO)
MAIN FIREWOOD SPECIES IN THE CASE STUDY AREA 2 (BURA)
 
 
According to Fleuret’s study from 1980’s, Taita Hills area had two frequently used firewood 
species that were not mentioned by my interviewees. These trees were Combretum exaltatum and 
Tabernaemontana holstii (Fleuret 1985), both indigenous. Combretum exaltatumwas mentioned 
in Soini’s study (2005), when the Taita farmers were asked about the most important tree species 
that they have in their land. In this study, the tree was mentioned by people living both on the 
southern and on the northern slopes of the Taita Hills (Soini 2005: 23–24). This study revealed 
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that five today commonly used species were not amongst the most used firewood trees in the 
1980’s. These species were Brachyleena huilensis, Acasia tortillas, Grevilea robusta, Cupressus 
and Eucalyptus globules. In Fleuret’s stud, Brachyleena huilensis was not mentioned at all, and 
Grevilea robusta was among the species that were not preferred as woodfuel. Whereas, in Soini’s 
research, farmers found Grevilea robusta as one of the most important tree species. In Kenya in 
general, exotic species like Eucalyptus globulus, Cupressus and Acacia mearnsii together with 
other Acasia species are most preferred as firewood (Kituyi et al. 2001). The comparison of the 
results between this work and the earlier studies indicates that in the Taita Hills, the use of 
different tree species as firewood has probably changed and the use of exotic trees has taken over.    
 
 
Figure 22. Main firewood species that were used in the case study area 1 (Ngangao) were Black wattle 
tree and Silky oak, both exotic and originally from Australia (K. Zschauer 2010). 
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5.2.2 Stoves types used in area 
 
Since wood is mainly used for cooking, a stove model is an important factor as to how much 
firewood is consumed. In the case study area 1, the most commonly used stove type was the so 
called “semi-modern jiko” -model, where meals were cooked on a fireplace built up of clay. In 
the case study area 2, most of the families used a traditional cooking method (three stone -
model), where the fire was made between three stones that hold the cooking pot. In the case study 
area 2, only a few families used the semi-modern model. In addition to these stoves, many 
families owned a charcoal cooker that was used for frying chapatti bread. Only one family was 
using a modern clay cooker, locally known as “modern jiko”. This family was living in the case 
study area 1. In this modern stove, the clay sleeve is made by masonry on the top of the furnace. 
The sleeve directs the heat better saving wood and producing less smoke. Especially in the case 
study area 2, since the 1980’s when the tree stone model was the most used in the Taita (Ligunya 
1986: 5), there have not been any significant changes in the use of different cooking stoves. 
Different stove types are presented in figure 23. 
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Figure 23. Different stove models that were used in the case study areas (K. Zschauer 2010). 
 
5.2.3 Households’ fire use habits 
 
The fire was typically lit three times a day following the cooking rhythm that has been described 
earlier in Fleuret’s research and is typical practice in Kenya’s countryside (Fleuret 1985; Kituyi 
et al. 2001). Some minor variations were found in the use of fire between the case study areas. In 
the case study area 1, all families were using fire three times a day, except one family which let 
the fire burn around the clock. However, exceptionally at the maize harvesting time, the fire can 
be kept burning constantly until the unripe corn has been dried. In the case study area 2, one of 
the families interviewed was using fire only once a day. Two families lit the fire twice a day and 
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two other families four times a day. The rest of the families were following the three times a day 
rhythm. 
 
5.2.4 Participatory forest management 
 
The new forest act in 2005 has provided people with more opportunities to act for their local 
environment, and allows the communities and other stakeholders to participate in forest 
management. This can be implemented in practice by making a management plan, for example 
for each forest and by creating an association or a management group that guides and controls the 
use of the forest. Even though management plans have been created, many locals feel that 
participatory management is not yet fully working in practice. It is hoped that more stakeholders 
will be involved in the action (Himberg 2009). Also old traditions are slowing down the 
introduction of participatory forest management while, according to local tradition, only selected 
elders were allowed to enter the forests (Himberg 2011: 134). 
In the case study area 1, participatory management has been carried out by a forest management 
group of 22 members who meet once a month. Each of the six villages around the forest elects 
three members. The main activities of the group are to patrol and protect the forest and manage 
the information. Every week, two of the group members are responsible for watching over the 
forest. If anything illegal or suspicious has been noticed, the forest department will be informed 
(Kalama 2010).  In both Ngangao and Chawia forests, the official forest guards are also involved 
in the prevention of illegal activities. The problem with the armed forest guards is that the 
involvement of weapons has been less welcomed by the locals taking part in forest management, 
as the presence of guns blurs the image of a common environment. The poverty and corruption 
that leads to fouling of the regulations, and the fact that guards may not patrol the forest 
regularly, are also challenges. 
Despite the ban of harvesting living plants from the forest, the marks of human action (see Figure 
24), like tree cutting could be found from both forests. Disturbance is also caused by the fires 
ignited from slash burning when farmers around the forest try to keep wild animals, like 
porcupines, away.  For example, in the autumn 2010, the northern part of Ngangao forest was 
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burnt down (Mjomba 2010b), which contributed to fragmentation and threatens the indigenous 
species. During the last years, timber production has become a popular source of livelihood in the 
area reducing the size of tree cover. When people want income trees are cut down for selling 
when they are too young and it is not understood how scarce natural resource wood is turning out 
to be. The environment does not have enough time to recover, especially when loggings are not 
replaced with proper tree planting (Mwanyumba 2010). 
 
 
Figure 24. Signs of tree cutting and firewood harvesting in Chawia and Ngangao forests in 2010 
(Zschauer 2010). 
 
5.2.5 Tree planting 
 
Kenya is a nation which widely encourages people to plant trees (Figure 25). Popular, are fast 
growing species like, Grevilea robusta and Eucalyptus globulus, but many times indigenous trees 
would be a more sustainable option. For example, Eucalyptus globulus is not suitable for water 
catchments areas since its deep roots absorb a lot of water from the ground which contributes to 
erosion. Eucalyptus trees also secrete oil that destroys the surrounding vegetation disturbing 
biodiversity. In addition to the diminishing water resources and erosion, exotic plantations are not 
as effective as carbon sinks as indigenous trees (Mwanyumba 2010; Pellikka et al. 2009). 
Because of the persistent roots Eucalyptus globulus is hard to get rid of, and after a forest fire, 
Eucalyptus globules seedlings are often the first ones to grow. Fast growing exotic trees also 
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expose soil to chemical degradation, while producing less nitrogen and organic carbon than 
indigenous species, and will not stabilize and protect the soil from nutrient loss and acidification 
(Himberg 2006 : 48–49). Problematic is also the official site that is promoting exotic tree planting 
even though it may not be suitable for the area. 
 
 
Figure 25. An advertisement published in the national newspaper, The Standard, on 14.5.2010 where the 
Kenya Forets Service promotes the planting of Eucalyptus globulus, even though the species in not 
sustainable for water catchment areas. 
 
5.2.6 Changes in wood collection areas 
 
Maps of the firewood collection areas that were made based on the PGIS shows that collection is 
concentrated on relatively small patches where the wood is still left around the farms. In the past, 
the indigenous forest was used as a firewood source in the case study area 1 but now when the 
harvest of wood is forbidden, the collection takes place around the forest. In the case study area 2 
the remains of the old collection areas are still in use, although those have decreased a lot. In this 
area the collection was also concentrated more in the same areas that were slightly larger than in 
the case study area 1 but which were fewer in number. In the case study area 2 many families 
hired wood collectors. These collectors were gathering firewood also, on the south side of the 
Taita-Taveta road, a few kilometers away from the village. This was an area where many 
villagers had their fields and more wood was left. Changes in firewood collection areas are 
shown in more detail in figure 26 and 27. 
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Figure 26. Firewood collection areas now and 30 years ago in the case study area 1 (Ngangao).  
The picture shows how the collection is concentrated in smaller patches, while the number of trees has 
decreased and the wood harvest is forbidden in the indigenous forest. 
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Figure 27. Firewood collection areas now and 30 years ago in the case study area 2 (Bura). Picture 
shows how the collection is concentrated in smaller patches, while the number of trees has decreased. 
Besides the village area, firewood is also intensively collected on the southern side of the Taita-Taveta 
road (lower left corner of the picture). 
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5.3 Social impacts of firewood use 
 
Typically, women had the main responsibility of firewood collecting, a practice that has not 
changed (Ligunya 1986: 3). If help was needed, assistance was usually asked from the children or 
female relatives. Children were told to collect wood after school and on holidays and nobody 
mentioned them to miss school for this. Many, especially in the case study area 2, said that the 
gathering took place on the way to or back from the field work which was usually also women’s 
responsibility. If the wood was bought, the family may also hire someone to gather or cut it. Paid 
collectors were more often used in case study area 2; the reason for this was that the frequently 
used harvesting area was located on the south side of the Taita-Taveta road and quite far away. 
In many families longer wood collection trips were made two or three times a week. Beside this, 
smaller branches and twigs were gathered often every day, also in families where the wood was 
purchased to top up reserves. Shorter, everyday collection trips were more typical in the case 
study are 1 (highland) than in the case study area 2 (lowland). Saturdays were often mainly used 
for wood gathering, because Sundays were reserved for church activities, and the rest of the week 
was spent for other work. 
There were some variations in the duration of the collection trips. In the case study area 1, the 
time that one trip required ranged from 10 minutes to almost one day The average time spent for 
a longer collection trip was over two hours. In the case study area 2, gathering took longer and 
varied from 30 minutes to one day, the average being about four hours. In both areas interviewed 
generally had the opinion that the quantity of the firewood and trees has declined significantly in 
the last 30 years and as figure 28 shows, firewood collection requires also more time now than it 
did 30 years ago.  
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was first free and later the payment was around 20 Kenyan shillings per month. Traditionally 
village elders were taking care of the forest and presumably also the harvesting payments, which 
afterwards were transferred to the local authority. 
“Wood was collected almost every day, also from forest, because it was free and there were so 
many trees.” 
48 years old lady from Matasenyi-village in the case 
study area 1 
 
“We made two collection trips to the forest every Saturday…There was a 5 Ksh weekly fee for 
firewood harvesting that was paid to the office. 
79 years old lady from Mashighyi-village in the case 
study area 1 
 
There was perceptible income difference between the case study areas. However, determination 
of the actual household incomes was difficult because the monthly incomes could consist of 
many different, occasional sources like selling farming surplus or having a random work outside 
the farm. In addition, questions about income can be a sensitive issue and the interviewed may 
prefer not to reveal to an outsider how much they earn. In the case study area 1, families’ 
monthly incomes varied from 750 Ksh to 25 000 Ksh (from about 7,5 Eur to 250 Eur), the 
average income being slightly over 4000 Ksh (40 Eur). In the case study area 2, incomes were 
much smaller, varying from 300 Ksh to 3000 Ksh (from 3 Euros to 30 Euros), the average 
earning remaining under 2000 Ksh (20 Eur). The amounts of money people spent on energy were 
in correlation with their earnings. Energy costs included all the acquisitions that the family made 
within one month for cooking, lighting and other energy needs. This also covered, for example, 
batteries for radios and flashlights if the family was using these. 
In the case study area 1, the monthly energy expenses were higher varying from 240 Ksh to over 
2000 Ksh (from 2,4 Eur to over 20 Eur). This meant that the energy costs took approximately 
22% (930 Ksh / 9,3 Eur) of family’s incomes. In the case study area 2, families spent between 
100 Ksh to little over 1200 Ksh on energy per month (1 Eur to little over 12 Eur). According to 
these results, the energy costs took, in average, 28% (530 Ksh / 5,3 Eur) at the family incomes. 
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Naturally, there were differences within families. At the lowest, the expenses were under 10% of 
the incomes, and at the highest in some months, it could take almost all earnings. 
The firewood shortage was not strange to most families. In the case study area 1, 19 out of 25 
interviewed (76%) told that they suffer from the lack of fuelwood. In the case study area 2, the 
numbers were 21 of 25 families (84%). These answers correlate also with the drier environment 
of the lowlands and the longer distances that residents of the case study area 2 have to travel for 
collecting their firewood. When people were asked how they noticed the shortage, the most 
common answers were that there are no longer trees on their own farm, the forest has been 
shrinking and that wood for energy had to be collected or bought. 
“We have to buy trees from outsiders. There are almost no trees left in the farm.” 
60 years old lady from Ndiwenyi-village in the case 
study area 1 
 
“Trees from surrounding area are cut down, so we have to collect wood from long distance.” 
50 years old lady from Mushari-village in the case 
study area 2 
 
Most of the interviewed families have reacted to the decrease of fuelwood. Twenty of the twenty-
five interviewed women in the case study area1 and 17 of the 25 in the case study area 2, told that 
they have tried to prevent the shortage. In the case study area 1, over half of the interviewed 
families were the planting tree seedlings (Figure 29). Preferred plant species were Grevilea 
robusta (Silky oak), Cupressus (Cypress) and Eucalyptus globulus (Blue gum) - all exotic. 
Families were also using selective cutting, where only the old and dry branches were harvested, 
and thus ensuring the growth of new coming seedlings. 
In the case study area 2, planting tree seedlings was not typical. Only two of the interviewed told 
that they had tried to plant seedlings, but those had dried and died off. Also these families were 
not aware, from where they could get the seedlings. According to the locals, there were no tree 
nurseries nearby. In both case study areas, the most usual routine was to put out the fire after 
cooking. This was done by covering the fire by sand, ash or by other means. If dry wood was not 
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available, wet branches or crop residues was also burned, which produces more smoke. In some 
places even plastic was mentioned as a substitute for wood (Mwasi 2010).  
 
 
Figure 29. Tree nurseries provide seedlings for locals. In Wundanyi two larger nurseries sold seedlings. 
These nurseries were held by TTWF and district’s prison (K. Zschauer 2010). 
 
5.3.1 Energy prices and consumption 
 
The price of the firewood varied according to the size of the wood and whether a whole tree was 
bought or only branches, often residues from a timber production. The price of a whole tree 
varied between 200 Ksh and 500 Ksh (between 2 and 5 Euros). If the tree was cut down and 
brought to the farm by the seller it naturally cost more. The price for one bunch of tree branches 
was around 50 Ksh to 60 Ksh (around 50 to 60 Cents), depending on the size of the bunch. 
Charcoal was bought in bags that weigh around 40 to 50 kilos, or in smaller amounts. The price 
of a bag of charcoal varied between 350 Ksh and 500 Ksh (between 3,5 to 5 Euros). 
 
Fuelwood consumption differed between families and seasons. In addition to maize drying, more 
wood was consumed in the colder seasons to warm up the house (Figure 30). Some families 
needed several trees in one month while, others used only twigs and branches. The same applied 
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also to the use of charcoal. Families that cooked more with a charcoal stove used maybe over one 
bag of charcoal in one month, while others got along with less or did not use it at all. 
 
Figure 30. Corn drying above the fireplace in the case study area 1 (Ngangao). In this area people had to 
harvest the maize before it was ripe and dry it by firewood because of the monkeys (K. Zschauer 2010). 
 
Beside fuelwood, kerosene and batteries were commonly used. The price of kerosene was around 
80 Ksh (80 Cents) per liter and the consumption varied from a few liters to 10 liters per month. 
Even though the use of kerosene has grown in the last decades in the Taita Hills (Fleuret 1985) it 
has not significantly affected the demand for wood, since kerosene was used mainly for lighting. 
The price of the batteries depended on the quality and size. Most popular were those that cost 40 
Ksh or 60 Ksh  (40 or 60 Cents) each. In radio, 6 or 8 batteries were used, which normally lasted 
for one month. Some of the interviewees used also a car battery as an energy source. The battery 
was usually recharged once a month for around 100 Ksh (1 Euro). 
 
5.4 Health impacts of firewood use 
 
All families, except one who had only a charcoal cooker, were cooking on an open fire. This 
means, that the whole area was exposed to smoke. Typically, the cooking place was situated in a 
separate building (Figure 31), and thus the smoke was prevented from spreading to the living 
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room. In the case study area 1, only one family had the kitchen in the same building with the rest 
of the living rooms, whereas in the case study area 2, seven families had their cooking area in the 
main house. Even if the fireplace was situated in a separate building, some people were still 
sleeping in there, as was the case with six families in the case study area 1. Among these were 
also children who are even more sensitive to the effects of the smoke. 
 
Figure 31. A separate kitchen building in the case study area 1 (Ngangao). This types of kitchen were 
very common in the Taita Hills (K. Zschauer 2010). 
 
Chimneys were not common in the area. The smoke came out of the door and/or window 
openings. However, this was not an effective method for getting rid of the smoke. In the case 
study area 1, one kitchen building had a chimney but it was not working. In most families, it was 
the mother who had the main responsibility of cooking. If somebody else was responsible for 
cooking, it was typically a female relative: a child, the grandchild or the wife of a sibling or child. 
Yet the cooking was not seen as something that only females should do. Many women mentioned 
that the boys could also help when they were at home. In two families, it was the boy who was 
taking care of preparing the meal.  
Cooking took on average 3 hours per day which is a typical time for the entire country (Kituyi et 
al. 2001. The majority of those interviewed said that they are staying next to the fire the whole 
time they are cooking. If the family had small children, they were also usually staying indoors 
with their mother. The typical diet of the family consisted of ugali (maize porridge) with some 
vegetables and chai (tee). If the meal contained beans or maize instead of ugali, women were 
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more often able to leave the fire, because these meals did not require constant stirring. Yet, the 
cooking time used for these meals was longer. 
The fuelwood shortage has also affected the dietary pattern. In families who cannot afford to buy 
energy, meals that require long cooking time, like beans, maize and chapatti bread, cannot often 
be prepared. This means that traditional foods like pure, kitheri and kimanga, which includes 
beans and maize, are often replaced by ugali and rice. Some women also told that they had to 
reduce the number of warm meals. In the case study area 2, some of the interviewed told that the 
lack of cooking fuel has forced them to sometimes leave out a meal completely. This situation 
was different from that in the 1980’s when a shortage of wood had not yet reduced the type of 
foods or number of meals eaten (Ligunya 1986: 7).One of the interviewed mentioned, also in the 
case study area 2, that the shortage had prevented her from boiling the drinking water, which led 
to diarrhea. Another lady, in the same area told, that as replacement of wood, she had used mixed 
garbage, including plastic that produced smoke which irritated the eyes and the lungs. 
Over half of those interviewed said that they themselves or some family member suffered from 
symptoms that could be caused by smoke – mostly respiratory and eye problems which occurred 
either simultaneously or separately. Eye problems were irritation, itching, runny eyes and 
weakened vision. Respiratory problems were coughing, sniffles and irritation of the lungs. In 
some households, some of the family members were ordered by the doctor to avoid the fire 
because of tuberculosis or eye problems. 
 
 5.4.1 Morbidity and common diseases in the Taita Hills area 
 
The review of the district’s morbidity data from the year 2009 reveals commonness of diseases 
that could be smoke related. This morbidity data was collected from Wundanyi and Mwatate 
District’s health offices and there were two kinds of data; one, that referred to the whole Taita 
District and another that referred only to the Mwatate Division. Bura, and the case study area 2, is 
part of Mwatate Division. Morbidity data was documented by local health authorities who had 
registered the number and the reasons of monthly clinic visits. The data consisted of 44 different 
disease groups (in which the reasons of clinic visits were distributed). Morbidity data was 
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gathered separately from children under five years and from people over five years. For this study 
the morbidity data was further processed by calculating all visits from the year 2009 together and 
comparing the disease groups of those that can be smoke related to the rest of the data. From the 
44 of documented disease groups four were the kind, where one cause of illness could be smoke 
or which smoke could made it worse. These diseases were tuberculosis, eye infections, other 
diseases of respiratory systems and pneumonia. Of these diseases, all except tuberculosis, were 
every month amongs the top 20 reasons of clinic visit in all age groups, while other diseases of 
the respiratory systems were named the most common reason for clinic visits in all age groups 
every month (Mwatate Healthcare Center 2010; Taita District health office 2010). Only 
conditions that were strictly smoke related, were included in this study, even though fuelwood 
can be associated with other ailments like burns and wounds 
The data reveals how common respiratory symptoms are in the area (see table 4 and 5). Besides 
the lack of capital, the lack of knowledge is also a reason for the health related problems. People 
are not aware, how harmful smoke can be, and how to reduce the smoke induced effects by 
increasing ventilation through building chimneys or at least opening the kitchen windows. In 
houses, where the kitchen had a window, it was often kept closed during the cooking. Albeit, 
there have been different health programs in the area, none of them have concentrated on 
increasing people’s awareness of the adverse effects of smoke. Behavior change requires capacity 
building and continuity before customs can be changed. However, there are good results, for 
example from Bangladesh, of capacity building in the reduction of firewood related smoke, 
especially when women were trained (Dasgupta et al. 2004). Because people have so many other 
things in their everyday life that require effort and improvements, they don’t find smoke to be a 
priority issue (Senge 2010). 
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Table 4. Morbidity statistics of the Taita District 2009. Four out of 44 disease groups were the kind that 
could be caused by smoke or which smoke could make worse. The number of cases indicates how many 
people were suffering from the disease in question and the Frequency of how the disease was ranked 
among the 44 different diseases registered. As can be seen respiratory diseases were the leading reason for 
health center visits in both age groups in the Taita District in 2009 (Taita District health office 2010). The 
rainy season is marked in blue and it did not correlated with the prevalence of smoke related diseases. 
 
Number of cases Frequency Number of cases Frequency Number of cases Frequency Number of cases Frequency
January 33 24 346 11 5700 1 146 16
February 11 28 401 9 6043 1 102 16
March 71 22 468 9 6920 1 119 18
April 27 28 331 10 3912 1 103 18
May 23 27 447 9 5964 1 349 11
June 11 32 505 10 7134 1 130 18
July 22 24 397 10 7504 1 114 15
August 10 29 403 11 6643 1 288 14
September 13 30 588 9 9823 1 202 15
October 24 30 570 11 13872 1 599 10
November 19 30 421 12 8701 1 227 14
December 7 3 404 11 6040 1 124 12
Total 189 5281 88256 2503
Number of cases Frequency Number of cases Frequency Number of cases Commonness Number of cases Frequency
January 11 23 126 8 3524 1 565 6
February 2 23 123 9 4986 1 39 6
March 12 20 181 9 5658 1 317 6
April 63 15 143 8 2709 1 267 6
May 14 17 149 8 3471 1 269 6
June 0 0 201 7 4363 1 262 6
July 10 18 214 8 4277 1 299 6
August 1 23 200 8 4001 1 226 6
September 0 0 151 7 4338 1 371 6
October 3 23 296 7 6113 1 319 6
November 3 21 256 7 4140 1 348 6
December 2 23 166 8 3490 1 274 6
Total 121 2206 51070 3556
Rainy season
 Under 5 years
Diseases that can be smoke related in  the year 2009 in the Taita District
Tuberculosis Eye infections Other Dis. Of respiratory systems Pheumonia
Tuberculosis Eye infections Other Dis. Of respiratory systems Pheumonia
Over 5 years
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Table 5. Morbidity statistics of the Mwatate location in 2009. As also can be seen in this area, respiratory 
diseases were the leading reason for health center visits in both age groups in the Taita District in 2009 
(Mwatate Healthcare Center 2010). 
 
Number of cases Frequency Number of cases Frequency Number of cases Frequency Number of cases Frequency
January 1 16 23 10 287 1 32 7
February 0 25 8 311 1 15 10
March 0 34 7 397 1 28 9
April 0 14 11 206 1 24 6
May 0 25 7 375 1 31 6
June 0 26 9 385 1 29 7
July 1 20 21 20 606 1 36 9
August 1 17 15 10 509 1 18 9
September 0 28 7 517 1 6 14
October 0 21 9 1068 1 10 12
November 0 18 9 716 1 25 8
December 1 20 14 12 343 1 26 9
Total 4 264 5720 248
Number of cases Frequency Number of cases Frequency Number of cases Frequency Number of cases Frequency
January 0 6 8 227 1 59 4
February 0 8 7 280 1 58 4
March 0 18 5 322 1 76 2
April 0 16 7 185 1 73 3
May 0 8 9 220 1 52 5
June 0 15 7 225 1 63 4
July 0 12 5 386 1 10 6
August 0 12 7 288 1 5 12
September 0 4 10 430 1 15 16
October 0 15 6 540 1 3 10
November 0 24 8 272 1 121 3
December 0 13 7 179 1 121 2
Total 0 151 3554 656
Rainy season
Tuberculosis Eye infections Other Dis. Of respiratory systems Pheumonia
Under 5 years
Over 5 years
Diseases that can be smoke related in  the year 2009 in Mwatate Health Care Center 
Tuberculosis Eye infections  Other Dis. Of respiratory systems Pheumonia
 
 
In the Taita District Development Plan 2008–2012, the large number of respiratory diseases were 
explained by the weather conditions and the lower temperatures in highlands (Taita District 
Development Plan 2008–2012: 15). However, the number of diseases that can be smoke related 
were also high in the Mwatate area (where the case study area 2 also belongs to) which is situated 
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in the lowland. This means that the high number of respiratory diseases cannot be explained only 
by the weather conditions but the energy consumption habits should also be considered.  
During the rainy season the need of woodfuel is greater because of the energy used for warming 
the houses. A clear decrease in the morbidity can be seen during the short rains period, between 
October and November. However, based on data, there is no significant correlation between the 
morbidity and rainy seasons. In the last years, the regularity and the length of the rainy seasons 
have been variable in the area. The statistics presented here are based on the year 2009 data when 
the weather was exceptionally dry. The rain season between March and May, with long lasting 
rains, had extremely light rains during 2009, especially in the lowlands (Mjomba 2010a). Based 
on this narrow survey, it is impossible to conclude that all symptoms could be related to smoke. 
An exact analysis would require further and larger studies. The purpose of the interviews was to 
find out, if the locals suffer symptoms than could be smoke related, and if they are aware of 
those. 
 
5.5 Alternatives to fuelwood 
 
The firewood situation is considered to be better in the lowlands, where population pressure is 
lower than on the highland slopes. However, the lack of dry energy wood is causing conflicts, in 
particular, when the branches are collected from someone else’s property. The dependency on 
fuelwood is tried to be reduced by a rural electricity plan. This program, launched by the 
government of Kenya, should promote the setting up and the expansion of an electrical network 
outside the city areas. The plan is known at the provincial level but an active implementation is 
hindered by the lack of funds. The country’s energy policy is also promoting the use of renewable 
energy sources like solar and biogas energy. There has been some research on these issue but the 
technical knowledge and a good strategy is still missing (Musyoka 2010).  
Regions could provide a favorable environment to both of these energy forms. There is lot of 
sunlight all the year around and many domestic animals like cows, whose manure could be 
processed as methane and thus biogas (Musyoka 2010). Solar energy can be based on a passive 
method where the natural energy flow is exploited by the help of building technology (for 
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example location and materials) or on an active method where photovoltaic cells capture sunlight 
producing electricity from it, whereas the biogas technology is based on decomposition and 
methane production (Village Earth 2011). The problem with the solar and biogas is that both 
requires investments that very few local people can afford of though both methods have been 
now made cheaper and smaller units which could be used also by individual families.  
 
5.5.1 Biogas 
 
There are 3 operating biogas units in the Taita area that have been built up by the Taita Taveta 
Wildlife Forum (TTWF). These units are working as pilot projects and are carried out in 
compliance with forums vision as community projects. They are situated in the Mbololo area, 
which is the largest indigenous forest patch about 15 km northeast from Ngangao. TTWF has 
also been working to create a biogas unit that could be built at the lowest cost possible. The most 
expensive part of the system is the digester, a water and air tight container in where the manure or 
waste is preserved and where them methane is then generated. Another costly material is the 
pipes that are used for distributing the gas. The cost of the whole unit varies between 10 000 and 
12 000 Ksh (about 100-120 Eur) if the cheapest and relatively easily available material is used, 
but this is an alternative too expensive for most of farmers. Beside TTWF projects, biogas units 
are also sold by some private enterprises whose prices are even higher. A problem with the 
biogas is that it does not produce enough warmth (as does the open fire) and that is why it cannot 
used yet for both heating up the rooms and drying up or/and destroying the pests from the maize 
(Mwanyumba 2010). The construction of gas production which is affective and safe also requires 
some technical knowledge that may hinder the popularity and the generalization of the method. 
An advantage of biogas is that in addition to the use of local and renewable natural resources it 
produces only little carbon dioxide. As a by-product of the methane, the process generates 
nitrogen and other nutrients rich liquid that can be used as a fertilizer, and a small amount of 
hydrogen sulfide, carbon dioxide and other trace gases (Village Earth 2011). 
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5.5.2 Energy saving cookers  
 
A much cheaper fuelwood saving option than solar energy and biogas are cookers that use less 
wood than traditional cookers. These energy saving stoves or so called energy saving jikos 
(Swahili word for stove or cooker) can also be made from local materials. One model is so called 
“a fireless cooker”. This is a jiko in where the food can be put to cook ready after the start 
heating. The model does not require firewood but the food is prepared by stewing. Another model 
is a jiko kisasa or so called energy saving jiko, a clay sleeve that can be built at the cooking place 
(Figure 32). This jiko needs firewood but it consumes up to 60% less than a traditional 3 stone 
model. This is based on the sleeve that directs heat better. The model also produces less smoke 
which is better for health (Mwasi 2010). Energy saving jikos can be made from local materials 
which creates earning opportunities. Previously jikos were made and imported from central 
Kenya but now local production in the Taita Hills has started and at the moment three women 
groups in Mwaroko, Sangenyi and Mwugange are manufacturing jikos. The demand is not high 
yet but when interest grows, the production will increase (Mwanyumba 2010). 
One problem is that energy saving jikos are still relatively hard to get. Local shops were not 
selling the models, and when people on the market areas were asked, they did not know where 
these stoves could be bought. However, after I was able to find a jiko, people had obvious interest 
in it and many came to ask where I had bought it. The sale was taking place through a local 
distributor or the jikos could be bought from the district household officer or straight from the 
manufacturing women group (Mwasi 2010). Nonetheless, the lack of awareness was a clear 
barrier for a wider and faster introduction of the cookers.  
Many people also considered the price for a cooker to be too high. When the jiko was bought 
straight from the manufacturing women group, the charge was around 200 Ksh (about 2 Euros). 
If the cooker was bought from the district officer, the price was 300 Ksh (about 3 Euros) in 
Wundanyi and 200 Ksh (about 2 Euros) in Mwatate, and if it was bought from a distributor, the 
price was 350 Ksh (about 3,5 Euros). Incase, the buyer did not have proper clay, needed for 
masonry, on his/her own property, purchasing the clay created extra cost. The merry-go-around 
groups (that were quite active in the cases study areas) had found a way to help out in financing 
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the stoves. In these groups, the women were collecting money so that each member was able to 
acquire their own jiko in turn. 
 
Figure 32. Energy saving stoves save firewood, but are not commonly available in the area  
(K. Zschauer 2010). 
 
In the Wundanyi Division (where the case study area 1 was situated), the goal is that the number 
of energy saving jiko users increases each year by a thousand. In six years this would mean that 
all, circa 11 000 households in the division would have the new cooker. This vision was put into 
the practice by training women and youth groups. Usually the size of a group was around 15 
people, and every three months a new group was trained. One training event usually lasted two 
days. The newly trained group members then teach other locals that will help to distribute the 
new information faster (Mwasi 2010). 
In Mwatate Division (where the case study area 2 was situated), one group was advising and 
marketing jikos. Their vision was that 14 people in the division would have the jiko. This would 
mean that two people in each 7 sub-locations would own a cooker. Based on the interview, 14 
jikos were sold but the demand had not been high. Marketing mainly took place in the field day 
events where the farmers gathered (Mghoi 2010). 
Although the users have given positive feedback, there are prejudices against the energy saving 
jikos. Even if jikos use a smaller amount of wood and produces less smoke, people doubt that 
they are not as efficient as the old models (Mwasi 2010). Some people have also been 
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complaining that the twigs have to be smaller due to the smaller size of the firebox. However, the 
size of the firebox could easily be modified by the manufacturer (Mwanyamba 2010). None of 
the people I interviewed had similar complaints as above; they were relatively pleased with the 
jikos. 
 
5.5.3 Electricity 
 
During the last years, the electricity network has expanded a little in the area. For example in 
Wundanyi and Mwatate, the town areas have relatively good grid coverage and therefore 
electricity can be provided for business premises in centers. For private people the access to the 
network is more complicated. Each private individual himself must pay for the plan and 
installation of the power line, which requires large investments (Mwasi 2010). Also the supply of 
electricity is not stable, and especially in the rainy seasons there are many power cuts. Rural 
electricity programs have been promoted by many international organizations due its influence on 
welfare and development (UNPD Kenya 2011), especially for women and children. Kenya has 
concentrated on its electricity expansion programs to three sectors: isolated diesel stations, grid 
extension and solar PV (photovoltaics) installation (Rural Electrification Authority 2009). 
However, electricity expansion programs have not been very effective. During the last decades 
the electrification level of households have risen only a few percentage and the growth has 
mainly concentrated on urban areas (GNESD 2004). 
 
6. CONCLUSION 
 
The hypothesis presented in the beginning was based on an assumption that increased population 
pressure and intensive land use in the Taita Hills, has affected the environment and more effort is 
required for fuelwood collecting. Results showed that this has been the case in both case study 
areas. Although, the time spent collecting fuelwood may not have increased radically it requires 
more physical and monetary investments than 30 years ago. 
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The amount of energy used by each household depends on many different factors. These factors 
can be divided into two sub-factor groups:  i). external factors (such as weather conditions, laws 
and regulations, price of energy etc.), and ii). internal factors (such as the number of people living 
in the compound, the age of family members etc.). The structure of a household’s energy demand 
is illustrated in more detail in figure 33. 
 
 
 
Figure 33. Factors influencing households‘energy use. Circles and rectangulars represent the external 
and internal factors, respectively. 
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In the Taita Hills area, the high reliance on firewood as an energy source increases the 
vulnerability of local households. Both in the high land and in the low land, people were 
dependent on a natural resource that was not sustainable. The complex effects caused by 
fuelwood use were not commonly known. Some aspects of the importance of the forest are better 
known than others. The forest’s significance as a water catchment area and as a source of 
ecotourism, are gradually being noticed by the locals. The increased interest was especially 
noticeable in the highland area where the forest was part of the near neighborhood. That the water 
catchment and ecotourism had immediate economical values might be one of the reasons of the 
increased interest. On the contrary, for example smoke related morbidity, has not caught public 
attention. Negative effects of the intensive fuelwood use are not immediately apparant, and the 
damage will not be noticeable until after a longer period, which reduces the attraction to the 
energy issues. 
It was encouraging that in most households women also were participating in the energy 
decisions making. However, the heavy burden that firewood collecting brought to women, was 
not widely recognized. Because of the lack of funds, many people took it for granted that there 
was no other substantial energy options for wood and charcoal. The link between energy and 
nature conservation issues was not clear for everyone and they were understood as two separate 
issues. The effects of biofuel use were also difficult to perceive. 
Like an older lady commented during one field session in the case study area 2: 
” Why do you concentrate on trees? Those do not benefit us. Bring us something to eat. 
Our children cannot eat trees”. 
 
6.1 Environmental impacts of the use of firewood in the Taita Hills 
 
Among locals, firewood was clearly perceived as one of the most important forest resources 
(Himberg et al. 2009). Yet, the use of firewood was not usually considered as a threat to the 
nature, but was mainly seen as a traditional energy source. Even the views of local authorities 
differed significantly. Some forest parties denied any kind of fuelwood shortage, and considered 
that farms had enough trees on their own property to meet their energy demand. The same 
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authorities were also promoting the planting of Eucalyptus globulus, which due to its high 
demand for water is questionable for it to be planted in the Taita Hills area. Some authorities had 
noticed the deteriorating fuelwood situation but had also confessed that is not the one of the top 
priorities in the development programs. All in all, official views differed a lot from the opinions 
of those interviewed who, many of them complained about the energy wood shortage and the 
declining forest cover. These opinions were in line with the former studies that showed the 
contraction of the forest area (Beentje 1988: 24–25, cit. Vogt & Wiesenhutter 2001, 42; Pellikka 
et al. 2009). This indicates the fact that forest issues were often handled in a politically biased 
way and adopted to the stakeholders’ interest. 
As the participatory mapping showed, the collection of firewood was heavily concentrated in 
relatively small and same areas. This, together with the on wood based and inefficient cooking 
systems, has contributed to land erosion and loss of trees. Especially in the case study area 1, 
collection is concentrated in small patches around the indigenous forest that burdens the 
vegetation, and hinders the recovery and expansion of the indigenous forest. 
Despite the fact that many families, mostly in high lands, are practicing forest farming or have 
planted tree seedlings, the need for fuelwood has not been met. Different environmental recovery 
campaigns have tried to encourage planting. Only some of the NGOs like TTWF have 
concentrated on mainly promoting the planting of the indigenous tree species for recovery of the 
environment. Indigenous species mature more slowly than exotic ones, and that is why many 
people favored species like Eucalyptus globulus. For many families trees were an investment and 
they wanted to make fast profits and this increased the popularity of fast growing exotic trees. 
 
6.2 Social impacts of the use of firewood in the Taita Hills 
 
Fuelwood used to be a free or low cost energy source that was easily on-hand in the near 
neighborhood. Now the situation has changed. Many families spend a major part of their incomes 
on energy that often mainly consisted of the fuelwood. Transition to the use of other energy 
forms, like electricity or biogas, needs investments that the families could not afford. Yet, the 
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government-supported electrification programs have not been visible or effective in the area, and 
changes were taking place only very slowly.  
Beside money, there were also other factors such as local habits and customs that were linked to 
the use of wood. For this reason the approach to energy issues needs to be extensive. It should be 
taken into account that fire is not only used for cooking and lighting but also, for example, for 
warming up the compound, boiling drinking water and drying the cereal which has got to been 
harvested before being fully ripe because of the monkeys. 
While in the Taita Hills firewood collecting, is still mainly a women’s responsibility, difficulties 
in the energy supply has a direct influence on women’s time management. Providing for the 
energy supply is time consuming and increases women’s work load, especially in families where 
the man is working outside from the farm and, is living in another place or the woman is a single 
parent.  
It is especially difficult for these women to find time for education or for another source of 
livelihood after fieldwork, cooking and other duties. Also the uncertainty of the harvest and the 
low productivity of farming hinder planning for the future. 
 
6.3 Smoke-health connections  
 
The high mortality rate of respiratory and eye diseases in the area are a sign of smoke related 
health problems. Even if the symptoms were often mentioned, ventilation systems were not 
considered essential. This might arise from to the lack of building skills, but more probably, from 
the lack of knowledge. People often find it difficult to understand that traditions passed through 
many generations could have any harmful consequences. For this reason, staying or sleeping in a 
smoky room, was not generally considered to be a health hazard, even for children. 
In addition to the smoke, an energy shortage can have effects influencing health. When wood was 
scarce, the  diet was restricted. In the Taita Hills, this generally meant that beans, maize and the 
chapatti bread, that needed charcoal for frying, were reduced. The more unilateral a diet was, the 
more it was based on maize porridge (ugali). That meant a decrease also in nutrients. Alarmingly 
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in the absence of firewood, some people skipped the meal completely, did not boil the water, or 
were using plastic or other garbage in replacement for wood. These actions have direct effects on 
wellbeing.  
 
6.4 Main differences between the case study areas 
 
The fuelwood shortage was a problem in both case study areas, but in the case study area 1, 
people relied more on purchasing fuelwood. Even if the wood fuel was more often bought in the 
case study area 1, energy took in average a smaller share from families’ regular incomes, than it 
did in the case study area 2. The somewhat higher income level of the case study area 1 could 
also be seen in a larger number of modern stoves and connections to the electricity grid. Dairy 
production, for example, in this area provided families with extra income. 
In the case study area 1, the consumption of firewood was slightly higher and the planting of tree 
seedlings was more common here. In the case study area 2, planting was not practiced. The 
families were living in more density implicating that the wood had to be collected further away, 
often on the other side of the Taita-Taveta road. This also required more time. In the case study 
area 2, people were also more often sleeping in the cooking area thus increasing the exposure to 
smoke. 
 
6.5 The future 
 
It has been estimated that in the future, the demand of biofuels will grow. Since in the Taita Hills 
the availability of firewood was noticeably diminished, alternative fuels and energy saving 
models should be brought into use. These new energy models should be low-cost and simple to 
use. Instead of the often expensive and inconvenient perceived biogas and solar energy, energy 
saving cookers or so called jikos could be a less pricy option. People might also find the jikos 
easier to adopt since no significant changes in cooking methods are needed. The stoves would 
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also decrease a women’s domestic work load, because the operation of the stoves require less 
wood. In addition, the manufacturing of the stoves could provide incomes to locals (Senge 2010).  
The feedback from persons who had adopted the more energy efficient stove, was relatively 
positive. Even the drying of maize was possible with the new cooking system. The introduction 
of energy saving jikos was more active in the case study area 2, where training was conducted by 
the district house economy officer. In the case study area 2, jikos were only demostrated in the 
field days. The jiko-model was not commonly known and, even if, people were aware of its 
existence, they did not know where to acquire them. It is questionable, whether the field days 
were the best occasions for advertising new stove types, since women, who were mostly 
responsible for cooking, may not take actively part in these events. 
There was no co-operation in the energy related capacity building between the case study areas 
(Mwasi 2010), but they could benefit from collaboration. The experiences of Wundanyi Division 
(where the case study area 2 was situated) should be exploited by benchmarking because here are 
some groups in this region who are familiar with energy saving issues. Even though the effects 
are complex there are small changes which could be done in households that could save the 
energy and wood. These are for example, chopping up vegetables or soaking the beans before 
cooking and lighting the fire. These are small things but not generally in use in the area 
(Mwanyamba 2010). 
In general, it should be considered to whom the capacity building and the information sharing is 
directed, and also how the awareness of the diverse effects of energy use could be raised. Now 
effects of energy consumption, and especially the use of fuelwood, are not generally known. 
Women should be given a more active role in decision on energy issues making and training, 
because they are often the ones who pass the knowledge on to the next generation.  
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I also see a need for further discussion on how the transformation from firewood to more 
sustainable energy forms and –using habits could be carried out smoothly, at the same time 
respecting the traditions and the special characters of the Taita Hills. Households’ energy 
consumption pattern has a multilateral nature and is in many ways connected to vulnerability. It 
means that when working with these subjects the structural character should be noticed.  
Below is a SWOT –analysis (Figure 33) in order to summarize the household energy concept of 
the Taita Hills. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 34. SWOT-analysis summarizes strengths, weaknesses, opportunities and threats of the household 
energy concept of the Taita Hills. 
 
STRENGTH 
• Positive attitude of the locals. Many believe in 
progress 
• Active local women groups and merry-go-around 
groups 
• The willingness of protection by many locals 
• Activity of many NGOs (e.g. tree planting 
campaigns) 
• The interest in new methods shown by local 
people 
• The characters of the area are well known 
because of the different research done in the Taita 
Hills. 
 
WEAKNESSES 
• A high dependency on wood as an energy source 
• Lack of awareness of the impacts of fuelwood use 
• Lack of capital 
• Agriculture dominance in a local economy 
• Lack of a political interest in transformation of 
household’s energy supply 
• Lack of co-operation between local actors 
• An unsystematic and limited information sharing 
and marketing of new energy sources and methods 
• Poor condition of the electricity grid 
• poor condition of the infrastructure 
 
OPPORTUNITIES 
• Energy saving systems and methods (e.g. 
changes in cooking habits, new stoves) 
• A decrease of local household expenses by using 
new methods of energy 
• An increase of incomes by new energy methods 
(e.g. manufacturing of energy saving jikos) 
• Co-operation and benchmarking between local 
actors 
 
 
 
THREATS 
• The decrease of wood area 
• A great land-use pressure in small areas 
• Favoring of exotic tree species 
• Erosion 
• Harvesting of immature trees 
• Women’s heavy burden of work in energy supply 
• Health effects of smoke 
• Increased use of residues as an energy source 
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APPENDICES 
 
Appendix 1: Questionnaire for household interviews 
 
 
Questionnaire for household interviews 
 
Date:  Village/Location:   Coordinates: 
 
 
1. Background information: 
 
 
1.1 Name: ______________________  1.2 Age: ____________________    
 
1.3 Lived in the house/farm: ____________ 1.4 Size of the family: __________     
 
1.5 Size of the farm: ___________________________________________________________  
 
 
1.6 Owner of the farm/land/property: __________________________________________________ 
 
 
1.7 Main source of livelihood: _______________________________________________________ 
 
1.8 Does the whole family live in the same farm/house?   yes  □ no □ 
if they do not, where do they live? ________________________________________________ 
 
 
97 
  
________________________________________________________________________________ 
 
 
1.9 Main source of energy: __________________________________________________________ 
 
 
1.10 Is the energy bought or is it self produced/collected? 
 
________________________________________________________________________________ 
 
 
1.11 For what is the energy used (cooking, lightning)? 
 
________________________________________________________________________________ 
 
 
1.12 Do you use firewood?   yes □ no □ 
if you do, for what?________________________________________________________________ 
 
 
1.13 Who in the family decides what kind of energy is used? 
 
 
2. Vulnerability factor 1, environment 
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2.1 What are the main crops that are cultivated in the farm? 
___________________________________________________________________________________________________________________
___________________________________________________________________________________________________________________
__________ 
2.2 Do you farm tree species?  yes □ no □ 
2.3 If you do, are any of those for firewood?  yes □ no □ 
If you farm trees for firewood, which are the species that you farm? 
___________________________________________________________________________________________________________________
___________________________________________________________________________________________________________________
__________ 
 
2.4 Which are the main firewood species that you use? 
___________________________________________________________________________________________________________________
___________________________________________________________________________________________________________________
__________ 
 
2.5 Why do you use those species? 
___________________________________________________________________________________________________________________
___________________________________________________________________________________________________________________
__________________________________________________________________________________________ 
 
2.6 Is there a shortage of firewood?   yes □ no □ 
If there is, how have you noticed it? 
___________________________________________________________________________________________________________________
___________________________________________________________________________________________________________________
__________________________________________________________________________________________ 
 
2.5 Have you tried to prevent the shortage of firewood somehow?  yes □ no □ 
If you have, how? 
___________________________________________________________________________________________________________________
___________________________________________________________________________________________________________________
__________ 
 
 
99 
 
 
2.6 Do you have/or have you tried any energy saving systems (eg. energy saving jikos or stoves)?  
yes □ no □ 
If you do/have, which one(s)? 
___________________________________________________________________________________________________________________
_____________________________________________ 
 
2.7 Would you be interested in using energy saving systems?  yes □ no □ 
 If you would, what is the thing that prevents you from doing so? 
___________________________________________________________________________________________________________________
_____________________________________________ 
 
 
3. Vulnerability factor 2, empowerment 
 
 
3.1 How many times per day you use the firewood? 
________________________________________________________________________________ 
 
3.2. Who collects the firewood? 
________________________________________________________________________________ 
 
3.3 How often is the firewood collected? 
________________________________________________________________________________ 
 
3.4 How often was the firewood collected 30 years ago? 
________________________________________________________________________________ 
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3.5 How much time does one firewood collection trip require? 
________________________________________________________________________________ 
 
3.6 How much time the trip required 30 years ago (more, less) 
________________________________________________________________________________ 
 
3.7 If you are buying energy, how many percent does it approximately take of your family’s monthly 
incomes? _________________________________________________________________ 
 
 
3.8.  Have you had to made changes in your everyday life because of the shortage of firewood? 
yes □ no □ 
If you have made, what kind? 
___________________________________________________________________________________________________________________
___________________________________________________________________________________________________________________
__________________________________________________________________________________________ 
 
 
4. Vulnerability factor 3, health 
 
4.1 Is the kitchen in a separate building?  yes □ no □ 
4.2 Do you cook on open fire? yes □ no □ 
if you do not, what kind of cooking system do you use? 
___________________________________________________________________________________________________________________
_____________________________________________ 
 
4.3 Does the kitchen have a chimney?  yes □ no □ 
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4.4 Who in the family cooks the food? 
________________________________________________________________________________ 
 
4.5 How much time per day does the cooking of the food take? 
________________________________________________________________________________ 
 
4.6 What is the typical diet of the family? 
___________________________________________________________________________________________________________________
___________________________________________________________________________________________________________________
__________ 
 
4.7 Does the firewood situation somehow affect the dietary pattern? 
yes □ no □ 
If it does, how? 
___________________________________________________________________________________________________________________
___________________________________________________________________________________________________________________
__________ 
 
4.8 Have you or one of your family members suffered from disease(s) that could be caused by 
smoke (e.g. asthma or other respiratory diseases) during the past year? 
 yes □ no □ 
 
If yes, who and from what? 
___________________________________________________________________________________________________________________
___________________________________________________________________________________________________________________
___________________________________________________________________________________________________________________
_______________________________________________________ 
 
 
 
 
